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Tile Honourable The Chninnan of the Imperial Council 
of Agricultural Research, 

New Delhi. 

’ Sir, 

' "'i. ^''beg <0 iran-miii m.'.-f. ,, the work 

iMipo i . 'noil of AgripuUural Re^tu. , promoting in^ 
tions <if the science niid pvaetiec of crop producSion in India, 

Tli" Roporl is in two parts. 

In the First Part 1 have brought together tho general results 
ohtomed and dweijssed them in relation to the difficnlt problems 
asMunafed with the improveineiit of agriculture and the raising of 
tlic aitindard of Hfc for the oiiUivnior* 

In (he t5ceond Part J have dealt witli the individual sohcines 
uisiered by the Counoil, ami set out various recommendations. This 
pari IS ueee.-ssirily honiowhat detailed, but I have endeavoured to 
keep il within inanngeaWe limits. During ray visit to the Stations 
I disvtis'sed eiuli man’s work at length svitli him and made numerous 
reepmniendalious on jiainls o ' detail or of experimental tecliniqiie 
v’hieh are not inchtded in this* Report. Here I have confined myeclf 
^ to tiio-e rcoommemlutioiis which the Council alone could implement, 
should they approve of 4hpin. 

'pds midhod of presenting the Report in two parts involvc.s a 
ccrlaiii amount of repetition, but it will, I hope, be found ijuitc 
cons-'uient in nw. 

I uish to record my thanks to all those who helped mo in the 
COUTH of nty em(uiries : cspeciidly 4o JTis Excellency the Viceroy, 
who set out the jirohlem with charaetcrisiic lucidity and discussed 
possible solutions svilh great |)cnelralion nml insight T owe mncJi 
also to 41ie llonourablc Sir fiagdisli Prasad for several imjiortanl 
discussions whieli proved moKt heipfu) in clearing up some of the 
(|j{iii*'iT.iei' T had mci during iny work ; nmch also to those Govemorh, 
Jlinistei-s aud Commissioners who received me on my jonrnuv ,snd 
gave me the hencfif of their knowletlge <ind wide experience of tlicir 
Privtiiic,. I have to thank aho Mr. N. Mehta and the Rkifis of 
tlie s‘i*«rpiiirint, of the j^grieuUnral Departments, Collegts mid 
E-vperiment Stations, for d'^aling with my nnmorons enqnii'i>‘s and 
fnrni'hin" information wliieh ori**n took homo time to eolleot. Parti- 
eidarly T wish to thank Sir iJryee Burl and Dr. Burns for much help 
ungrudgingly fciven on immmerahle orciisions and for placing unre- 
{.erved'y at my dispossl (heir extensive knowledge of Indian agrienl- 
tnre. T am mneli indebled nko to the “ Review of the work on Crops 
and fioils the “Brief” — prepared nt the Scerdarint, whieh 
pvovod most helpful both On tiie jourjiej- and during tho prepavation 
of the Report,, Rinee my ntum to England I have received mueii 
nselu] help in regard to BlatisUcal matters from hlr. E. J. Turner 
of (!;•’ India Office. — 

B.’)OTa&n 



Finnlly I Irish to tliunk my pci^oiinl staiT for their loyal and 
ticvoti’d ns:>i!fUiiicc during the whole of my jicriod in India ; c-ipreiaily 
Mr. R. L. Sethi, my Scprclar 3 ' Adviser, who nccompitnicd mo on tiic 
long lour which lasted with onlj' two short hrcnloi from tlic begiriititijc 
of November, 193C to nearly the end of JInreh, 1937, during whieh 
ho was responsible for the travel arrangements and for reducing 
ll.o programmes at eaelt centre to mnnngenble dimcnslfins. ilis 
Iniowicdgo of tlie scliemcs and of the men greatly fneilitalcd the work 
just ns his kindly and indefatigable lielpfulnos'i lightened tlic jnuircy. 
f rceord also my niiprceiation of the services of Mr. Kasinri bill, 
my Monographer, wlio, under the most trj-ing eircnmslauces. never 
failed me. 


I am Sir, 

Tonr.s obediently, 

E. J. RL'SSnbf.. 



Terms of Eeference. 


1. Geticrally, to report as to tlie manticr nnd ertcnt to wlticli 
tlic l«cs>carcli Council lias discharged its primary duties of co-ordi- 
nating and promoting agriculture research in India so far ns it 
relates to plant indu&ti'y, to comnieiit on the value of what has heen 
accomplished and to suggest directions in which improvements may 
ba efl'ceted. 

2. To draw attention to any important lacunae in Council’s 
picsenl research programme and to any nndesirable overlapping. 

3. To advise on the most promising lines of future dcvclupmcnt 
having regard to recent advances in science. 

4. To advise on the policy to be followed regarding schemes 
nor. in operation, and which of them should be renewed at the cud 
of their term. 

3. To advise which of the schemes now on the ' wailing list ' 
should be financed nnd which should give Vi’oy to new schemes 
(Page 4 of introduction to “ Brief ”). 

6 To comment on the present working of individual schemes 
(or groups of Rclicmes) and to suggest improvements. 

7. To report how far the dissemination of scientific nnd techni- 
cal information, not only in regard to results of research, but also 
with regard to'nsrieullnrol matters in general can bo improved in 
order that the rc'-ults of scientific work may be applied in ryots' 
practice and to advise \vhat further steps arc desirable to this end 
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KEPORT ON THE WORK OP THE IMPERIAL OOUNOIL OF 
AGRICULTURAL RESEARCH IN APPLYING SCIENCE TO 
CROP PRODUCTION IN INDIA. lu 


Introduction. 

TJie’ improvement of Indian agriculture has been attempted by 
many Governments over a long period of years and by a variety of 
rai'tJiorls. In tlic first instance Western mcliiods were introduced on 
the as.'^uraption that as tliey had succeeded in the countries of their 
origin they would also succeed in India. Notable examples were the 
brjiiging in of twelve American cotton planters by the East India 
Company in 1839 to show how cotton should be grown, and the 
importation of steam ploughs and a battery of implements by the 
Madras Government in 1864 to show how the .soil should be culti- 
valed. In general these methods failed. Next followed a period 
of .'searching for .some general policy or system of organisation : 
Ilt(jc*'«aa actually accomplished, but there was much discussion 
nhich no doubl paved the way for future action. Finally it was 
recognised that Indian agriculture constituted a problem of its 
own ; it could not be modelled on any other system but must be 
devi'.'.ipcd to accord with the natural conditions of the country aitd 
the n'ljuiremcnts of its people. The host hope for improvement lay 
in tlio .scientific study of these conditions and in experiments 4o 
dist‘ 0 '; er agricuKural practices that ustuld best suit them. 


This conclusion was reached only slowly and as the result of 
prcs.sure of events rather than of deliberate planning. The Famine 
ronniiission of 1880, .«o1 up to find some practicablo means of avoiding 
fanunes or at least of mitigating their worst effects, was the first 
body seriously to study possible methods of improvciuen’t. _ Definite 
action began a few years later; in 1889 Dr. Voelcker was invited to 
India to advise on the steps to be taken ; in 1892 klr. James Mollison 
was n])pointcd as Tcelinical Deputy Director of Agriculture for the 
Bombay Prasidoncy and began making field experiments; Dr. J. W. 
Leather came out as ngi-icultnrnl chemist to the Government of India, 
for tile improvement of ngricullure was then regarded as a matter 
more for chemistry than for any other science. Meanwhile, however, 
pre,<«!Hrc of another kind was being exerted ; sugar cane diseases were 
causing much loss to cultivators in Madras and in 1898 Dr. Barber 
wa-s brought from the West Indies to Madras to dqnl with tlicm; by 
a stroke of genius he adopted the idea of selecting or producing 
disensc-resi»tant varieties and achieved .sucli remarkable success that 
the whole current of Indian agrienllural science set for many years 
in the direction of plant breeding or genetics. Tliese various activi- 
ties showed that definite advancement could lie aehieved on se.ietiTitie 
lines and when in 1903 nnotlicr Famine Commission had to be set up, 
it had more definite grounds than its predecessors for insisting on the 
necessity for the es'lahlisliment of pronerlj’ organised ngricnltnrrl 
departments in the Provinces eapnhlc of applying scientifie met hods 
to the improvement of ncrieultnre, and. as the principle had by this 
time been widely aeeeptcd elscwhoro, it is not surprising that Lord 
Onrzon’s Goveminent speedily took action on the Report. 
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The reorganisations that followed included the strengthening of 
the Departments on tlie experimental and scientific sides, the oitfib- 
lishment of Agricultural Colleges, of the Central Keseareh Station 
at jt*usa. and other organisations for the purpose of providing sound 
information about Indian soils, crops and animals on tlie basis of 
whioh the Departments might find solutions ul‘ the problems eon- 
fronting them. The position was made more definite by the Govern- 
ment oi India Act oi 1919 which put upon the Drovineial Depart- 
ments the main responsibility for agricultural development but 
ri'servid to the Central Government the right to promote research by 
means of Central Institutes and other agencies, and gave also to 
the Central Government the power to deal w'ith animal and plant 
dis(■t■^cs. 

Then came the Royal Commission on Agiiculturo in India 
of 1926 which may fairly be said to have inaugurated a new era 
in the life of the Indian countryside. The Commission rccoguL-ied 
clearly that the problem of improving Indian agriculture was really 
the problem of improving Indian village life, and that this must he 
studied as a whole. Its far-reaching conclusions, set ont in its 
Rcpoit in. 1928 — ^the most comprehensive account of Indian agri- 
culture yet published — have not been allowed to remain in abeyance. 
Reports are issued periodically showing “ the progress made in 
giving effect to the rceommendations of the Royal Commission.” 
More important still, the chairman of the Commission has become 
the Viceroy with the declared intention of ameliorating tlte lot of 
the present, a policy, which as I found everyw’hero in my journeys, 
u w >rmly appreciated in the villages 

The conditions are thus extremely favourable for the apifiica- 
tion of science to the problems of Indian agriculture. The Provin 
oial Departments have already achieved valuable results and have 
fully justified the confidence reposed in them from the outset. But 
sciii'ce hnows no boundaries; its pursuit is costly both in time and 
in money ; and the more highly it is developed the greater b^cimics 
tJie need for co-ordination. The Royal Commission foresaw this 
pctessity and set up an Imperial Council of Agricultural Re, search, 
whose duty it is to give the lead and to co-ordinate wherever this is 
necessary but pot to intervene in Departmental affairs. It derives 
its authority from its personnel, from the fact tliat it mates grants 
for approved investigations, and from its record of sncccssCnl 
achievement. 

One of the conditions laid down was that the Councirs activi- 
ties slumld periodically be reviewed by some disinterested expert 
and the honour of being the first to do this has fallen to my eolloairuc, 
Dr. N. C. ■'Vright, who is dealing with Animal Husbandry, and my- 
sdf. 
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CHAPTER 1. 

The Stages in Agricultural Improvement. 

TIio purpose of agi'iculture is to obtain food and raw products 
by the cultivation of land, and its distinctive feature is that the 
process cau go on indefinitely without deterioration, in contra-distinc- 
tion to the exploitation of mineral resources which is possible only 
once. The agricultural scientific services are set up with the double 
purpose of educating ‘the cultivator so that he may better under.'<t!ind 
the natural forces with which he is dealing, and of increasing bis 
luuaub ol attacking the serious problems with which he is confronted. 

The system of agriculture followed in large parts of India is 
very ancicut, and was formerly very svide spread ; it is fundamentally 
the same ns that followed for centuries in England — ^indeed almost 
until our omi time. Tt is based on the production of grain for human 
food, fibre for clothing and oil for burning, but it makes little provi- 
bloii for animal food except the straw or stalks of the grain crop .-ijid 
such uild vegetation os may be available for grazing. In the east, 
as in olden time in tlic west, the source of power is the bulloek, whicli, 
therelbro has to be given the fii-st choice when fodder is scarce ; the 
supply of milk and of meat is consequently limited. The sy.steni has 
two great advantages ; permanence, for apart from actual remov.sl 
of the soil by Hood or other agency there is no reason why the system 
should ever fail, and economy. Some eleven persons are sustained 
per leu acres of land Avhile on the modern western standards and 
s^'stems more than double this area is needed. But against this arc 
the gj-avo di.sadvanlages that the yield.s are low, consequently the 
villages remain poor ; and the standard of living is low ; the diet 
provided is almost entirely grain, it laclcs variety and is poor in 
animal products. 

The change from the ancient to the modem system took some 70 
years 1o accomplish in the west. 

There is no occasion to despair of its accomplishment in India. 

The Indian ryot compares favourably with any of the peasant 
poiuilations I have met in different parts of the world. I visited 
many Indian villages and spoke with numbers of the inhabitants 
both in their cotbiges and on tboir holdings. It is no mere form of 
words, but a fact, that the wealth of India lies in the villages. 
Kepeatedly in my .fourncys I came across men and women doing 
good, useful woiii in the towns or the Colleges, and on enquiring 
their origin found that they had come from villages or were only 
one generation away. ” In the keeping of village ”, as Tagore 
reminds us, ” lies the cradle of the race 

The improvement of village life is probably the greatest need 
in India to-day. In 'this first part of the Report I deal willi the 
ways in which science has helped and can still further help in thfe 
work, with special reference to the activities of the Tmperisl Council 
for Agricultural Research. Later on I shall refer to some of the 
difficulties in the way. 
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There are three stages in the application of science ^ the 
problems of village life. In the firat instance the science most be 
well founded : the facts and principles must be clearly proved and 
tlieir conseciuences well thought out. This work is never-ending : 
each generation seeks its own proofs and soon discovers that the 
supposed facts and principles of its predecessors arc only partly 
true. Further work is done, more discoveries are made and new 
principles enunciated, only to be displaced in their turn. Scientific 
investigation consists in nuikuig successive approximations to h Truth 
that can never be attained by human beings. 

But there is always a great deal in Science that is suflicieutly 
nearly established to be useful to men and women in timir ordinary 
dailj' labours, and much work is done in trying to find practicable 
means of appljung the results of seienec to the problems of village 
life. This requii'cs a diflcrcnt type of mind from that of the dis- 
coverer. and only rnrel3' is the purely scientific investigator Mpablc 
of doing it cfTectively : frequently he has no desire whatsoever to 
do it. The story of the professor, who at the epd of a long intellec- 
tual career thanked Heaven he had never done anything usciul may 
hr npocri'phal, but it embodies a great truth. There is no advantage 
in attempting to fuse scientific discovery with scieniifie exploitation : 
separate staffs and separate organisations are needed. 

WHien the application has been worked out the cultivator still 
has to bo persuaded to adopt it. This often takes a long time and 
the cultivator is abused as dow and conservative because ho docs 
not change his methods more rapidlj'. But it is frequently impossi- 
ble for him to do this. His unit of time is a year ; “ Safely Fir-st " 
must always be his guiding principle, and methods Itnown to give 
subsistence to himself and his familj* cannot possibly be discarded 
until the superiority and practieabilit.v of the new ones are estab- 
lished bej'ond question. Even when he is convinced of their 
advantage lie ma.y still lack the means for adopting them. Furl her, 
he thinks in terms of his entire .system of cultivation and an isolated 
process, though good in itself, may not fit well in with his general 
management This extension work, therefore, requires something 
more than education and propaganda for the new methods, i; in- 
volves much adjustment of the new methods to the actual condi- 
tions and systems on the cultivators’ land. 

The first stage — ^thc gaining of knowledge. 

This is .so distinct from the other two that there is no advantage 
in trying to combine them. It is best done by men for whom the 
search is itself the end and the reward, and who are surrounded 
bj' j'onng licljjcrs animated by the same .spirit. A few can hiim 
their own Institutes, but in the main the Universities arc the places 
for the work. The Council has recognised this and 1ms made grants 
for investigations of purely scientific interest but of .some egricul- 
tural hearing. This limitation is in my view nnneccssnr\’ : the 
scope of the grant should be widened to inchide nil subjects funda- 
mental to the .science or practice of agricnltnre, prosuded always 
that the Council is satisfied ns to tlie qunlitj' of the research work 
done in the lahoratorj’ eoncerned and that the subject proposed for 
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a grant is 4hD iiiajor study o£ the workers there. The aoility to 
make scicutifie discoveries is just as personal a matter as the ability 
to point a great picture or to compose a great poem ; it is quite as 
rare n gift, and while it may be fostered it cannot be created. The 
best lielp that could be given to the experiment stations would be 
to ensure that .some of the staff bad bad a period of serious training 
in a laboratory where really good scientific work was being done, no 
matter on what subject. The vitally important thing is tlie train- 
ing, .and for this it is the man and not the subject that counts. 

Science is advancing nil over the world, and it is certain that 
the laiowicdgo required for agricultural improvement \rili be obtained 
soincwJicre and will be announced to all who are intere.stcd *. the 
great need in India is tlie belter training of men. The advanlago of 
removing the jiroscnt liniilatiou rvould be to bring into tlie scheme 
some of the bc^t of Die Indian laboratories, whieh at present take 
no part, such ns those of l’i‘ofc,s'sor Sir Venkata Ibuiinn, Aleghtiiiad 
K. Saba, JJirbal Salmi and others where the scientific work is of a 
high standard such as would bear comparison with any of the labo- 
ratories of the V'e.st. A student taking part in some good work in 
one of tbc-e laboratories would inibibe the true research spirit and 
ineidcnlly would learn “to avoid the common hut very serious faults 
of difur-eness of programme, uncritical neecptance of methods and 
conclusiun.s, and fragmentation of publications. 


I recommend, Ihorcforo, that the Council should allocate a defi- 
nite sum annually tor grants to 'the Universities 16 be used for the 
nppointraeul of rosenreb assistants to men activelv engaged in 
scientific resenreb, and that tlicrc he no limitation to subjects of 
agricuUurn] bearing a.s at present. Any of ■Ibc assistants who proved 
successful could if they wished be absorbed in the service, but even 
if tlicV were not Ibe (’ouncil would still have the satisfaction of 
knowing that it bad contributed to the development of mscarcb 
schools in India. 

The second stage— the Agricultural Experiment Stations. 


The purpose of the csperimenl station is to apply the methods 
and I’csults of science to the present daj’" problems of the cuUiiaiOr. 
I{csponsibiIit\ to the i)re->ont generation must be recoginsed : refti-'c 
should not be taken in the pious hope that practical results may some- 
how and some day env rgc from the work. This is widely recognised 
in -ihe Stations I v'.sited and the programmes were in general on use- 
ful lines lliou'rii lliev were often loo ambitious. Three wcalaiee.->cs 
arc fairly common. TJio work is frequently ton diffuse—n fault not 
confined to experiment stations : wlien Ibis bnppen.s tho results lac., 
defimleucs-f. In luany eases the uork js confined too nineh ^o the 
labor-itory and the pot ciiltnvo bouse -- the field 
should he the eentre. Almost always it 13 vcslvietcd to the 
menfc ataiion : lest e.xperiincn‘.» should be carried out on ® 

and at other centres not too far removed, so as to ensure that all 
factoid coming into play are recognised. 

In view of the fact that Indian expcriaienl stations have heen 
functioning for so many years it seems at 

hltle of the work done has found its way into the general body or 
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flgriculturnl scieuCe as expounded in tlio standard treaties. It is 
comjjaratively rare to iind referenees to Ijidion investigations in books 
published outside India. Probably Uie ehiel reason is 4110 widespread 
Indian practice of publishing the rciults in a large number oV Miiall 
connnnnications, many ol wiiicli arc uncritical and unimportant 
having the cliaracler rather ol journalism than oi serious suientitie 
literature. ltc.!>carcli demands that a man should think Jong and cai’C- 
£uUy about it ; hurried and scrappy publication prevents him doing 
this, it would undoubtedly enhance the dignity and reputation of 
Indian science if the leaders would combine to stop this franigcnta- 
tion, and encourage only the publication of serious critical pajiers 
uliere the work has been properly planned and the results fully c-on- 
siderccl. Good nicnioii-s compel attention and gam recognition wher- 
ever and by uhoiiisoever thC 5 ' are published. 

Tliere is a considerable amount of good work in this vast mass 
of publications and it would bo unfortunate it it all passed into 
oblivion. The best way of saving it would bo the preparation of 
ciitical monograplis, each b 3 ' a specialist having thorough knowledge 
of his snoject .md able to asso's the value of scientific evidence, .sum- 
marising tlie lesiilts obtained, pointing out cleailj' where they diTer 
from those recognised in the icgnlar treatises and in wlmt res|jceLs 
tlicj' represent advances in knowledge. These monographs would bo 
of great value to teachers and to cxperimcnter.s in India, and if well 
prepat ed they would be taken acrionsly by all agricultural research 
institutes ; they would not onlj’ show what has been achieved in India 
but woidd also cause other stations to examine any discrepancies 
between the Indian re-siilts and tlicir own. 

The third stage — extension of tbs results to tho cultivator. 

The great need at the present time, however, is 4ho wider and 
fuller use of existing fcicnce rather than the development of new 
science. Repeatedly 1 was told at the Experiment Stations that their 
j'iclds were approximately 50 or even 100 per cent. greiileT' tlian 
tliose obtained by the surrounding cnltivalors. There remains a 
g”cat gap 4o bo bridged belivecn what ran on present knowledge be 
nccomplislied, and what is actually being done bj' the cnltivators 
An enquiry sliould be made into melliods of propaganda and some 
oi Ibc more cfiicient of them should bo more widely used. 

The pve_scnt method cons’sts largely of arranging demonstra- 
tions oil cultivators’ plots A new variety is sown alongside of the 
local variety so that the villagers may .'ec hovv the pew and tlic eld 
compare ; or pait of the land is cnltivnt'»d w’itli a new plough and 
part with old one For an individual comparison a single plot su(lice.s 
piovided it is well enough elioscn and no accidents happen. liut 
for a group of improvements sncli ns distinguish the experiment 
stations from the rvol’s holding, the single plot is inadequate, and 
an entire small holding would be belter. 

The two methods should bo regarded as mutually supplementary : 
the single plot lias the merits that it is easy and inexpensive in 
operation, while the holding gives much fuller information but is 
of course more difiicult and costly. 




Watei lift : haman latcor. 
(Travancote.) 
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CHAPTEE 2. 

The crops — (a) The Cash Crops. 

The common crops of India fall into two groups ; grown 
chiefly for sale, w’liieh we may call the cash crops, including cotton 
and other fibres, sugar cane, some of the wheat and oU seeds ; and 
crops grown for food, especially rice, juav, etc. The two groups 
need entirely distinct treatment. For the cash crops quality is an 
important factor, but it is impossible to define fully : the simplest 
and surest way is to obtain valuations and comments from expert 
buyers. For food crops, on the other band, nutritive value is more 
imiiortunt, and tliis should be assessed in association with medical 
experts. 


The cash crops. 

One of the most remarkable features in modern Indian agricul- 
ture is the increase in area under cash crops compared with that 
under food crops. The areas under cotton, sugar cane and wheat, 
have risen, corresponding with the increased area under irrigation, 
and the increase has kept pace with the increase in population. On 
the other hand the acreage under food crops show much less rise, 
and, if the figures can be accepted, tlic acreage per head of popula- 
tion has actually fallen. India possesses two good examples of 
research stations devoted to cash crops in each of which this im- 
portant question of quality is in my opinion iiropcrly attaciced ; 
the lea research station of the Indian Tea Association at Toeklui, 
and the Cotton research station at Matnnga, near Bombay. The 
Teeklai Station is the more complete in that it includes in the one 
organisation bolli producers and buyers, and it has devised special 
means of keeping close touch with both. The experimental oumples 
of tea are submitted to expert buyere in Calcutta and in London 
for valuation and reporj ; while at the other end of the chain con- 
siderable efforts are made to discover and to study the problems of 
the growers. Thus the staff have authoritative informatiou as to 
the effect of tlic various practices on quality, and they can ensure 
that all of their results are Imown to, and can be used by, the whole 
body of tlic growers. The station is dascribed on page 150. 

The Cotton lahoratoiy at Matunga works closely with the 
Bombay mill owners and experts, and is coiiceracd chiefly with 
reducing the mill owner’s ralhcr undefined requirements to terms 
and quantities that can he handled by plant breeders. It is closely 
linked llirough the Indiiin Central Cotton Committee with nil the 
Departmental Colton breeding .stations ; the Director has n voice 
in determining llieir programmes — in so far as they arc financed 
by the Committee— and they have a voice in his. The cotton experi- 
mental field station at Indore is rather far away, a disadvantage, 
but one that is entivclv unavoidable, because the eo'iditions at Indore 
arc suitable for field work svliile those at Matunga are not ; and on 
the other hand, Matunga is near to Bombay where the statf can 
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keep close touch with the mill ovmera. Ag cotton does not come . 
within my purview I am not describing this Station, but its general 
oi^ajusation seemed to me to be very good 

The Council have endeavoured to make similar arrangements 
for sugar eane The breeding is done at Coimbatore and the elec- 
tions to suit the cultivator’s requirements arc made at various sta 
tions in the provinces : but a Sugar Technological Research In-.iitntc 
has been set up in the llarcouil-Butlcr Technological laboratorie- 
at Cawnpore (p. 1081 where questions of quality, ns the factory 
understands the tenn, can be <-tiidied. A Sugar Commiltee is to he 
set u]i, on somewliat similar lines to the Cotton Committee, W’hieh 
can take cognisance of all problems, ccopomie, scientific and tcchni- 
c.-!!, associated with the growing of sugar cane and the production 
and marketing of the sugar. As soon as this nirangcment has had 
time to settle down to good working order it should iirovo .salisfai- 
tory. 

The arrangements in regard to barley grown for export are also 
sound. The samples arc produced at varioits stations in Northern 
India, and then submitted to the Institute ot Brewing, ijoiuion. 
where they are examined by experts having full knowledge of the 
requirements of the malting, brewing and distilling indii'-tiios*. mid 
arc reported upon in detail. 

On the other hand, the arrangement for wheat and for rice do 
not njipear to me to be so satisfactory. Investigations into quality 
of rice are hoing made al several centres, hut there is no dellnition 
of wha* is meant by quality : lliore is no reference to expert buyew 
for market valuations or to medical autliorities for grading aecoid- 
iiig to nutritional standards. If a clieinist is given a scries of rices 
placed in a definite order based on some specific properties he may 
bo able to find relations between composition and grading though 
it is nlwaj-.s diflicidt to distinguish the true casual relations from 
merely fortuitous agreements. But if he has no gnidance it is verj' 
diflicull for him to get much out of liis examinations. .For a 
eomplex jiroduet like a seed the chemist can institute comparisons 
but he eamiot so easily give absolute de'^cripfions For both these 
props it is iinpnrtnnt to decide whether " quality ” is to mean nutri- 
tise value or desirability in the market ; if the latter, in "wliieh 
market ; and to arrange the work accordingly. If market value 
is intended then 'oiiio niTangemenls slionld he made with the buyers 
— an Indian group for the Indian maiket and a IjoikIou group for 
the English ninvkol— to continue and exlcinl the linlp already given 
on occasion to Sind and Punjab. 

Sugar. 

TIic Council can justly claim credit for great success in its 
activities in connection with the production and utilisation of the 
sugar canc crop. Since it began its work the area under cane has 
increased considerably and the old native canes have been largely 
supplanted by neVr varieties The data are set out in Table 1. 
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TAJIIiB 1. 

Sugarcane Crop. 


Acreage and production during 1935-36 (*). 



Area {in arrea). 

Yield (in tons) of 
Baw sugor (Gur). 

Brovincca and States. 

A—, 



CuiTcnt 

ywir, 

1035-30. 

\ 

Avorogo 
of prece- 
ding five 
years. 

t 

Current 

year 

1035-3G. 

Avcnigo 
of preced- 
ing five’ 
years. 

United Provinces (inelading Bampnr 
State). 

2,240.000 

1,507,000 

.3,330,000 

2,063,000 

Ponjab .. 

473,000 

440,000 

368,000 

330,000 

BOiar and Oriasa , , 

405,000 

313,000 

008.000 

371,000 

Bcngvl . . 

325,000 

221,000 

600,000 

330,000 

Mndraa . , 

131, •«» 

114,000 

300,000 

322,000 , 

Bombay (inrinding Sind and Indian 
States). 

121,000 

00,000 

313,000 

230,000 

Kortb-West Frontier Province 

68,000 

49,000 

03,000 

66,000 

•• «• *• 

36,000 

32,000 

36,000 

33,000 

Central Provinces and Borer . . 

30,000 

24,000 

49,000 

30,000 

Delhi 

3,000 

4,000 

.7,000 

2,000 

Ityaoro .. 

60,000 

38,000 

63,000 

30,000 

Hyderabad . , 

60,000 

38.000 

09,000 

60,000 

Baroda 

3,000 

2,000 

3,000 

3,000 

Bbopii (Central India) 

6,000 

(o) 

6,000 

(o) 


4,007,000 

W 



3,000,000 

lb) 


(tt) Not jwnilnblo, 

(b) Nxcluding Bhopal. 

TJie increased acreage is mainly in the old sugar growing dis- 
tricts, tbere being but little opening up of new regions, and the 
total area still remains relatively small, onjy i million acres in 
Britibli India out of 227 million acres enUivated — neverthcloss its 
imporlnncc is out of all proportion to tbc area it occupies. So far 
as tbo cultivalor is concerned .sugar eane has a valuable ednentiomi 

(1) iTrom Bcpnrlmcnt n£ CommereJn) IntoUigoiieo nud BtntlBllcs in Indian 
Trade .Tonninl Supplomciit, May Slst, 1030. 

miilGATi 0 
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effect ; he learns tlie advantages of modern varieties of crops, of 
fertilizers, of proper cultivation ; the need to watch for plant dis- 
eases and to seelc advice when he is in difBculties. The Agricultural 
OfSeer has more eliauces of coming in touch with a sugar cane 
grower tlian with an ordinarj' small cultivator. From the national 
point of mew India is a hca\T consumer of sagar(i), stauding 
second among the nations of the world, and being surpassed only 
by the United Stales (Table 2). 

TABIiU 2. 

Consumpiion of sugar -. «i IftOO metric tons : row super value. 


193t-3&. 

United States 


C,870 

Uritioh India 

• • 

3,330 

United Kingdom 

•• 

2,283 

Total— World 


2S,192 


(Tables 1, 2 and3 are from Indian Trade Journal : Supplement, 
May 21st, 1936. Qur is converted into sugar .according to the ratio 
100:60. AVhere, however, the giir is eaten as such, Avhich is the usual 
course in India, the conversion factor is moie liltc 80 than 60 so that 
the Indian consumption given above is actually too low.) 

An assumed and abundant supply of sugar is essential to 
India ’s happiness. Most of it — some 80 per cent — ^is eaten as gur 
ffhich is all produced in India. Much of the white sugar used to be 
imported : in 1929-30 the import was 939,600 tons ; but the Indian 
production has risen so high that imports have fallen to 23,000 Ions 
only ill 1936-37 (Table 3). 

TiVBtm 3. 


Production in 

tons. 



Frodaction in tons. 

1934-33. 

1935-30. 

1030-37. 



Tons. 

Tons. 

Tons 

nsUmated. 

Sugar (from Cano) 


G78,11C 

012,100 

1,031,100 

Sugar (from Gur) .. 


40,000 

54,000 

40,000 

Khandsaii eogar • . . « 


169,000 

126,000 

125,000 

Total sugar produced 


705,115 

1,091,700 


Total sugar imported 


223,000 



Not pmdnctioa of Gnr (cstimatod) . . 

•- 

3,092,000 




(*) Inclndizig gur. 
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From its inception the Council gave a prominent place in its pro- 
gramme to sugar and it was tlius able to provide the tcclmicnt in- 
formation ncecs&arj- for implementing the Government’s decision to 
XoSiter the production ol ^\hite sugar in India. 

The programme was in three parts : 

(1) The bcloefion of canes better sailed to the important sugar 

gro\ving districts than the existing local varieties, and 
iJie improvement of their cultivation. 

(2) The improvement of the local methods of making pur. 

(2) The dcvelopraont of an .ndmsory and research service for 

tlic sugar factories. 

The selection and breeding work has been very succco-sfully 
accomplished. The existing plant breeding station at Coimbatore 
Avas strengthened, and the investigation.s on the breeding of sugar 
cane so well started by Dr. Barber have been ably developed by Rao 
Bahadnr Venkataraman, who has invented many devices for over- 
coming the numerous experimental difficulties. Provision Avas made 
for considerable experimental Avork to be done in all of the Provinces 
and scA’oral of the Indian States Experimental farm*! Avero set up 
at Shahjahnnpnr by G, Clarke and at llAizalTarnagar to serve the 
United Provinces AVhere about half the sugar cane of India is gi-oAvn : 
the Station at Karnal is so near the borders os to .scitc a considerable 
area also ; Hvliilc provision Avai made for experiments at RisalcwaUn, 
near Lyallpar and at Julluiulur in the Punjab, Avhich comes second 
in importanee Avilh 0.*1G milUon acres ; at Musheri in North Bilinr, 
Patna in South Biliiir, Avliich together have nearly as large an area 
(0.41- million acres) ; at Dacca in Bcnca! fO.28 million aerc-s) and 
Gudiyiittam in iladras. The experimental .scheme. hoAvever, avso not 
related to the area under crop in the prOA’inee, for s-orac of the most 
inleie-stinc work is done at Pndegaon in Bombay Presidency, AAliieh 
has only a ''Uioll area of .sugar cane ^7.0,000 ncrc.s) and at Ilebbal 
Farm, Bangalore, Sfysore State, where area of cane is A'cry small. 

Beside the plant breeding on the elassicnl lines proce.;ding at 
Coimbatore, a .special method involA’ing mutilation or dcsl ruction of 
sontc of the eliromosonio.s by X-rays is being tried by Dr, Biidami at 
Bangalore, and Avhether this produces hetter sorts or not it premises 
to gh’e ncAv mnlcrial of possible A’alue for the breeder. His experi- 
ments should eertainlj- he continued. 

AUliough the hreecling of cane is usually regarded as necessarily 
restricted to the South it could if neces'-ary he done to some cx^nt in 
parts of the North : A'inble seed lias been produced at Musheri, near 
Pusa (Bihar). 

This breeding and selection of cane is necessarily a slow busi- 
ness : 7 years elapse liefAvcon the production of the new seed and the 
time Avhen the ncAv A'ariety is fully tested and made aA'ailable in suffl- 
cient quantity for distribution to the recognised farms from which 
it can he spread far and wide. 

At present the selection is largely mcclianicnl and it is possible 
that valuable new sorts may he overlooked and lost. The risl: is mini- 
mised by making the te.st independently at a number of stations, but 

o2 
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it cannot be avoided till the Central Institute is able to find a really 
first class geneticist ivbo could substitute proper scientific tests for 
the present mechanical ones. MeanSvhile the work is being so well 
done that I have no suggestion to offer for its unprovement. The new 
canes arc so successful in practice that they are rapidly ousting the 
old ones(‘). The improved varieties occupy a large propoition— no 
less than 74 per cent. — of the area under sugar cane : tins being 
lai'ger than for any other crop . out of the 4.14 million acrca of sugar 
Ccine’grown in British India in 1936-37, 3.07 million are stated to be 
under improved varieties. 

The experiments on cultivation, watering and manuring are near- 
ing the completion of the first series. lAl an early period the results 
riiould aU be brought together, along with the analyses of the soils, 
and examined by a small group of experts, including a statistician, a 
soil specialist, a physiologist, and an agriculturist, to see what cunelu- 
siems can Icgitimatelj' be draivn and how far these agree with, or why 
they differ from, conclusions deducible from other good exiieriments 
made in the province. A nCw scheme of experiments should then be 
proposed for tlic second series. These should include practicable com- 
binations of variety, irrigation, manurial and cultivation treatments, 
designed to give useful and trustworthy information without mnldng 
thc'agricnllural work and tlie recording too difficult. The statistician 
Mr. Vaidyanatlian, is now at Rothamsted studying this type of design 
and full details will be discussed with him. 

At on early stage a much simplified form of experiment should 
be tried on cultivators’ land. Conclusions drawn from experiments 
at a research station are greatly strengthened if they arc confirmed 
on other farms also ; and if they are not this shows the existeiu-e of 
some other factor playing an important part and needing investiga- 
tion. 

i 

Considerable loss is caused by insect pests ; pyrilla and borers 
are mentioned specially in some of the recent reports. Investigations 
are proceeding but the field work needs further developing ; at each 
experimental centre close watch should he kept of the insects ou the 
canes. This should not he confined to the bad attacks : it is at least 
as important to observe the early stages and to record the attaelis 
tliat began and then died down. Knowledge of the conditions under 
which attacks became more intense and of those under which thev died 
down, would form a solid foundation on which preventive or rcmediail 
rirasures could be devised. In riew of the seriousness of Hie losses 
it is desirable to obtain tlie services of a visiting e.xpert to rliscuss 
methods of control (page 219). 

Utilisation of Molasses. 

Closely as.sociatcd with the sugar cane problems is the utilisa- 
tion of molasses, the amount of 'which has increased greatly during 
recent years. The Director of tlio Imperial Institute of Sugar 
Teclmology, Cawnpore. has favoured me wit3i figures shoiving tJic 
iTodnelion and imports of molasses into India (Table 4). 


(1) Inaian Trade Journal Supplement, May Slat, 1036. 
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Tabld 4. 


Production and Imports of Molasses into India. 



I*rodu?.tion. 


Avnilnble for’'Consuinption. 


tgWii'il.'M 


■ 


Total. 

■1 

Exclud- 

ing 

Khnntl- 

saris. 


Tons. 

Tons. 

Tons. 

Tons. 

Tons. 1 

Tons. 

fiyonrs precod- 
ing rvnr. 

no , 000 

50,000 

60,000 1 

03,354 

173,354 

123,364 

1D30-.S) .. 

cs,cir> 

200,000 

208,015 

102,024 

370,000 

,170,000 

10.SI-.S3 .. 

115,808 

250,000 

365,808 

40,101 

405,000 

155,000 

‘ 1032-33 .. 

ISO, ass 

275,000 

461,058 

31,001 

493,010 

218,010 

1033-31 .. 

230,l.St 

200,000 

430,151 

2,401 

432,555 

232I656 

1031-35 .. 

255,817 

150,000 

1 40.7,817 

416 

400,232 

i 250,232 

10.S5-30 .. 

3011,028 

125,000 

101,028 

• • 

404.028 

300,028 


A fiulj'staniial jinrl of the Khanclsari inclnR'ica 5s converted intci tow 
griicle gnr Ij}' rcboilinp with Migar cane jnicc and sjomothmg like 
175,000 Ions of Ihe factory inola‘>se> Is either converted into' tilcoliol, 
nsed for tobacco curing, or dircolly consumed. But tbere icmalns 
the problem of finding some way of utilising the remaining 200,000 
tons. 

'Tarious possibilities ai'e discussed on page 309, they fall into 
three groups : conversion into food (including a cast) for bunuin 
beings or for animats ; the inatdng of fermentation prodnefs such ns 
indnsti'ial nleohoJ(‘}, acetic acid ; and industrial utilisation as fuel, 
road surfacing material, fcrlihVcr, etc. Of these J regard the fast 
and second ns the mo* I important and the third ns least important : 
it seems unfortunate to divert so much potential food to other pur- 
pose/?. Tlie ])robleins witl become Jess urgent ndien the Indian sugar 
factorie-» have alfaiued the .same liigli level of .sugar recoveiy as the 
Java fneiories. 

(1) Tim jjiiiiiitU'c- «£ low proof iileolinl pnuluced in Inclta during 1036*37 
on C’tim.'ned to be 

' Million gallons. 


Potnide .. .. .. .. .. <5*8 

Uj'otidpd .. .. .. .. .. 0*4 

Dt'noluri'fl .< .. .. .. .. 2-.3 

B< I'l itinl otowt . . . . . . . . 1 '2 


Total .. 10-7 


Tor j»inio«i"i of comparison it is jntoieiilng to note that the qunnlity of potrol 
prodticcd in India and Btirmnli is fll milUon g-allnn*!, most of -wliicli is consumed in 
India. 

) 
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The MahiPg of Gur. 

Progress has also been made -vrith the improvement of manufae* 
>ure of gnr in the villages though this task presents greater difficulties 
than the introduction of new varieties. The plant is usually hired 
out by the hanya to the cuUivatois, or if the crop is new to the dis- 
trict Hie enterprising individual who introduced it may set up to 
make the gur. Many of the village mills are verj' inefficient, leaving 
behind m the bagasse a considerable amount of sugar — often as much 
as 20 per cent, of the total quantity(^). Tlie evaporation of the 
juice in an open pan is inefficient, but as the trash and bagasse are 
both available as fuel the loss is not particularly important. The 
skimming of the concentrated juice varies greatly in effectiveness, 
resulting in a wide range of quality of the gur, and there is little 
attempt at elai’iCealion, except in a fei\ regions where hibiscus is 
used for this purpose. Improvement in the mills would be perhaps 
the easiest to effect, and would result in considerable economy. 
Special attention is being given to this. Still greater improvement, 
if it could be brought about, would be to set up village factories wdth 
efficient mills for extracting the juice, vacuum pans for evaporation, 
and arrangements for clarification by filtering through charcoal : in 
this way higher yields and better qualities would be obtained. The 
hanyas are usually good business men with some capital, and if is jios- 
siblc that, if suitable plants Were available, they would purchase 
them. The problem appears to be one for a good firm of engineers, 
but in the meantime experiments aided by grants from the Council 
are being made at the Sugar Keseareh Institute, in the Punjab. 
Bibar and Orissa, and in Bengal, with the puit>osp of trying to 
improve the inaldng of gur. 

The Sugar Factories 

The Council from the beginning recognised the necessity for a 
good_ research and advisory sendee to assist the factories in the pro- 
duction of white sugar and they set up an Imperial Sugar Research 
Institute at Cawnpore, housing it in the Harcourt Butler Technologi- 
cal Institute Here a serai-eommercial factory unit was established 
to furnish the staff with information and with opportunities to design 
or to test technical processes ; the expert in charge acts also as 
adviser to the factories. This scctiou is evidently succeeding. The 
need for the work is shown by the wide variation in recovery* of 
sugar at the different factories— from 4.4 to 11 per cent, of th** cane, 
the general average being 9.5 per cent.(®). 

The proposed Sugar Committee could appropriately take over 
the Sugar Research Institute. 


difference in efficiency between the viIl.sgo process .md a good 
fnctorj IS slionn by tbe fact that from a given weight of enno the factory obtains 

purity) as the villager obtains gnr (80 per cent, 
product obtained is about 10 per cent, tbo 
weight of the canc (page 102). Tho figures are : 


Factory Sugar 
Khandsari Sugar 

(2) This compares with 6 5 
made. 


per cent. 


Pot cent. 
10 

91.5 

5.5 


recovery where Hhaudsari sugar Is 
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Table 5 . 

At'cas of land vndcr different crops in British India. 
Thousand acres — British India. 



Swnmary. 



Incrcwo in not nri'a Hown 

IncronFO in food crops . . . . , . 
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Table G. 

Areas per head of population. British India. 
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(6) The Food Crops. 

The quantity of food produced in India. 

In no country is it easy to estimate the amount of food produced 
and in Indaa the difSeulties arc particularly great. The areas under 
crops are fairly accurately kno^vn in most of the British Provinces 
but unfortunately considerable uncertainty cx^s as regards the 
Indian States and the permanently settled districts of the north east, 
Bengal, Bihar, Orissa and Assam which amount to about 20 per cent, 
of British India. There is now the possibility of an accurate survey 
of the areas under crop in Bengal. 

The quantities of food produced, hoAvever, are not nearly, so 
well known as the acreages. The pubb'shed figures are obtained by 
the use of an old equation : Production area X standard outturn X 
seasonal condition factor. The standard outturn is not the average 
yield over a number of years, but the model value over a long period 
and so is unaffected by high or low yields of particular years Un- 
fortunately the standard outturn has not been redetermined for a 
long while, and it is very desirable that this should be done again : 
it involves a number of sample weighings. The seasonal condition 
factor can never be much more than a guess, though if it is un- 
biassed and done year after year by the same officer, and particularly 
if he has the opportunity of periodically checldng his estimates, the 
results may not be unsatisfactory. 

Professors Bowley and Bobertson in their Report (page 39) 
point out that methods based on direct estimates "would really be 
better. 

It seems desirable to malm a sample survey to test os far ns pos- 
sible the accuracy of Uic present methods and the possibility of 
improving them. Professor Mahalanobis has suggested a scheme for 
doing this which deserves serious attention. 

The official figures as they stand ^ow that the acreage under 
food crops, unlike that under cash crops, has not kept pace with the 
growth of population ; on the contraiy there is an pctual fall in the 
acreage per head. '(Table 6). Bnring the period 1908-09 to 1917-18 
0.89 acres per head of population weie devoted to food crops while 
during the period 1928-29 to 1932-33 the acreage had sunk to 0,79 
per head. The population had increased by 28.7 millions hut the 
area under food crops went up only by 2.6 millions acres, only 0.09 
acres per head. The non-food crops, on the other hand, have kept 
pace with the population, the acreage per head being O.OM in the 
earlier and 0,057 in the later of the two periods. 

The statistics are not good enough to sho'w how much the total 
production of food has varied and whether it has kept up with the 
population. Unless we assume (as some assert) that the villager has 
less food than formerly, we can only suppose that the yields have 
increased, and reports from the staffs of the Agricultural Depart- 
ments confirm this view. 

Almost the whole of the food crops are grain. They are con- 
sumed in the country and there is no important export so that 
“ quality ” in the sense in which it exists for the rash crops does not 
como into account here. But as they form the dietarj' of the people 
their nutritive value is of the greatest importance 
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Tlip recorded fipuros /or production of {ill food ffruins ore ji%en 
in Tnlde 7(*)» Tlic'-e fipurc** in w» fnr iw lliey nre vuUd ropresfiil 
the Qtiuniiits of all prniiis including oilseeds produced hi tlic vanoiit 
provinecs ; (hey oan he deserihed ns iho amountn polcntinlly avail- 
able for consumption, and while not necewu-ily (he ‘•ann* as the 
lifrurcs for actual human t‘{'n*>UHiplion, (hey inny not in fticl hi* Xat 
out, Some prain is exfiurted fi’nm each jnsivinee, and some In im- 
ported. Jf it ia {is^imied tin*!, nnhnlanee, the total may not ho intich 
affected ; and if, ftirlher, the lhr«re.s aceur/itelj' repre'^ented (he 
nctiinl prodnolhin, they unnld netd to he dccrcn“ed hy the ninounts 
of busk Uf fluy). (In* qtianlities lost «n storape, and in Iransporl and 
saved for Dc.vt year’s }ee<l : no eNtimnte of these ean he made hut the 
total is not likely |o la* Ir-s th'u* 25- ~10 jier cent. It js, hooeser, 
safe 10 assume, that the irpures «nder*<^.timnle the produetion. Culti- 
vators all over the world under-estimate their crops in presenee of 
an oflleial. and the Indian ryot ri not likely to he on eveeplion. 
When a diieet cheek wu*! made on the proiliietion of cotton (he esti- 
mates were found to have been 2a per rent, loo low. Por (ho food 
crops the difference may he of the some or even ftroater (O'der (“). 
This under-cstiniate offsets (he deduciioi* iieeivsnry «n aceomtl of 
seed and wa-'taqe, and if ue asMime they ludance wo obtain the 
a\er{.{;e {pnintilie? <if pr.'iin nvoHahle per Iwad per dav ‘ei out in 
Table 7, 


T.««.K 7. 


Produrii>>n in nz. of oH j'/r.itnt, inrlvdinu and oiY .creds per fiend 
prr f/av. Pot ton urrS is 7>of im holed. 
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For what they are wortli these figures suggest lor most Provinces a 
production per lioad per day oi‘ iiliout 20-22 oz. o£ all grains including 
pulses and oil seeds 'whether used for food or not : this would give a 
daily calorie value of about 2,000 or 2,500 according to the pro- 
poi-tions of oil ■'ceds tnhen ; and a nitrogen supply of about 12 grams 
daib. Bombay and the Central Provinces, however, come out 
higher, and Assam and Bengal lower, aspccially in nitrogen. The 
figures include no vegetables or milk products. 

Uulorluiiately the fururcs are only very rough. Tu view of the 
supreme import.nice of this qucsiioii of food production it is very 
desirnhle that bettor data should be available and I recommend that 
pciiodical csUnmlcs should he drawn up showing the amount of food 
produced. 

Another means of approaeliing the subject is afforded hy the 
numerous surveys of village dietaries that have been made. 

The Punjab Board of Econoinie Enquiry in 1934 and 1935(*) 
made eutweys of eertnin villages and the total quantity of grain eaten 
per head per day varies round about 1.5-20 o/. , but for men only 
was 20 to 2S according to occupation. Luc.is(=) put it 1024 
ulihntaks (about 20.5 ozs.) per head per day. ifrs. \?'i<.Dr{*) found 
about 36 01 . per lieiid was normally consumed in her village. In 
south-east hludras Dr. Ayl.rojd and liis staff at Coonoor have made 
a suney in coiisidernblo physiological detail and caleiilated the 
results on the basis not of heads of population hut of “ consumption 
units ”, t.c., the equivalent iiumhcr of adult men. using the scale 
adopiod by the Lcagno of Nations Tlcnlth Organisation in 1952. 
tliougli Dr. Aykroyd points oMt that there is no evidence to show 
whether their scale is valid for India.* 

Taldng the “ ero's section ” of a village in south-east Madras 
he arrived at the following dietary per ” eonsviinption unit ” per 
dnj'O) 
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(1) Puiij.ih Bo-ira of Knonomie Knnnirr, Pub. C (C. B. Bnrrr), Pub. 40, 1934 
(S. K. Singli), Pub. 41, 1030. 

(-) Tleonomic life of the Punjnb aillige. The ligiiTO of 1.S ora. quoted 
above is from 0 B Barry. Baf< s of rood Conaumption by Non ZemindarSr 
Fubilration C, Board of Economic Enquiry. 

(a) The foods of a Hindu vilinRC of Korih India, Charlotte Viall Wiser, 
Bull. 2, Bnrean Statistics and Econnmlc Besenreh, U. P., Aliahiibad, 1030. 

_ . Diet Bur\cjB in South Tndian aiUngen, W. B. Avkrovd and B. G. 
Krishnan, Indmn .T1 Medical Bcscarcli, 1937, Vol "4, pp. 607 — 088, 


J' 








19 


In order to eompavo lliehe figurcb with those ii\ Table 7, it is jieees-i 
sarj’’ to raise the latter by approximately one third ; the figures are 
not good enough to jxistify a more elaborate coefficient. 

It is higlily important that the.sc diettuy sui’veys should be ex- 
tended so that the actual facts may be kno^vn more definitely. The 
survoj’s should be really “ sample surveys ” and not “ sjjot sur- 
vej's ”, i.e., there should be some definite method of .selecting the 
village.s to bo studied. Profes.sor ilIabaianobi.s is studying tliis prob- 
lem. Two independent sets of data can bo collected : 

(1) statements showing the actual dietaries, whidi can then 
be compared with the physiological requirements as set 
out by the medical autijorities ; 

(21 records of the prevalence of various diseases caused by 
deficiencies of essential nutrients. 

It is unfortunate that the data for food production in India are 
somewhat uncertain, but in the meantime if we take the figure.! in 
Table 7 as a rougli approximation of the average quantities avail- 
able the question arises : arc they .sufficient ? Dr. Ayla’oyd is not 
yet prepared to lagt down Indian standards but he inclines for the 
present to 2,600 calorics ns the average daily requirement of a mim, 
a value ‘which falls between the 2,200 suggested by Nicholls for an 
agricultural labourer belonging to the smaller x’aees of the Tropics, 
and the 3,000 calorics deemed necessary in Europe and America for 
the average man at average work. It seero.s a reasonable figure when 
allowance is made for differences in climate and in “ average work ”, 
■Wliettier it is really adequate is of course a question for the medical 
authorities to decide, hut the agiieulturist, at any rate, must accept 
it till they rule otherwise. Dr. Ayki-oyd(^) furtlier suggests, as an 
average man’s daily requirement in India, G5 grams of protein 
10.4 grams nitrogen) probably 45 — GO grams of fat, 20 mgms. iron, 
some 0.6 gram.s calcium and 1 gram of phosphonis ; but thei'c are 
no Indian data as to these elements He emphasises the iniportunce 
of biological value of the proteins and points out that animal proteins 
arc biologically more efficient than vegelahle protcin.s ; he suggests 
that they should form at least one-fifth of the total protein. Alilk, 
even slum milk, is the best for growing children, but eggs, fish, liver 
and meat arc all good .sources. 

It is possible that the average supplies available approximately 
satisfy both the nitrogen and the calorie requirements when allow- 
ance is made foi- fhe fats and gnr taken. A more serious defect is 
the lack of -iilamins, especially of A and 13 and this is confirmed by 
the prcA'alcnec of the ” deficiency diseases ” a'-sociated therewith, e.q.. 
kcralomalacin caused by deficiency of Vitamin A ; stomatitis due to 
vitamin B deficiency ; loV hremoglohin content due to iron defi- 
ciency. Calciiun deficiency is also common. These missinsr elements 
can only he supplied by undening the diet and making it include 
more milk, vecretnblcs, and fruit. Plantains arc among the common- 
est fruits eaten, but tliey have low nutritive value. Tomatoes, 
oranges and oilier juicy fruits are much better. Oil obtained from 
the fruit of the Bed palm {Elaeis gmiicensis), a West African tree. 


(1) JTcnlth Bulletin No. 23, 1937. 
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that could apparently he grown in India, proved to be a valuable 
«ourcc ol Vitamin A, and was therapeutically as effective as cod liver ‘ 
oil besides being much cheaper. It is clearly desirable to esperimeut 
with the growth of this tree in India so that the oil may be available 
In quantify. Dr. Aylo-oyd lias drawn up an insfriicfive table showing 
(WO dietaries : a common iil-balanced one, and a 'n*cll-ba1anccd diet 
which ^lould be substituted for it(’). The data per consumption 
onit in ounces per day in e ; — 
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The wcll-bnlanecd diet docs not require more but less ceicnls 
than at present, but it includes more of everything else, cspeeinll.v of 
vegetables fruit and milk, mid one great need for tlie iood supply is 
to incrcaso the pi eduction of these three. It is c.s«enlial, thcreforo, 
tc inei case the yield of tile staple t*r ips so os to liberate land for the 
cultiiMtioii of these supplementary foods No iinpros ement _ in 
‘ quality ” of the ccrc.ds or pnises will convert the ilNbalanced into 
a Mcll-balanced diet. I am strongly of opinion that in dealing ivith 
food ci*ops intended for home consumption the agricnltnrist should 
aim at securing the largest and he.iltliiest crops possible, hut ih.it he 
need not concern liiraself uith trying to ehnnge their composition. 
Tile amount of alteration possible is too small to .pistify the expendi- 
ture of time and resources that can better be siieni in other ways. 

The first need in my view is to make a nutrition survey in each 
Province so as to discover Vliat arc the ehief deficicncic.s in dietary : 
the medical authorities should then meet the agrioulturnl exports to 
decide uhat crops, including fiuits and vegetables, should be grown 
to fcujiply (he ini.ssiiig elcment.s. The apiiroximaie quantities needed 
should be indicated, and the agricultural staffs acting along with the 
rural development authorities would then encourage by all means in 
their power the growth of the.se crops. 

The iiutrltionnl survey should not in the fii-si instance be over- 
clabor.ilc ! in most Provinces there is already a fair amoimt of mate- 
rial, probably suffieiont as a approxiin.ntion. to allow' the agricul- 
tural problems to be put in hand Jlore detailed studies could con- 
tinue as part of tlic Public irealth viorfc of the Pfovinee iii relation 
to nutrition of c hildren, deficiency di'^enses, etc. 

(1) TV. K Avkrai(1 anil B G. Krishnan, Tnclian tTauni, Med. Hot, 193G, 
Vol. 23, p. 731. ’ 
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The “ well-balanced diet ” set out above costs about Ks. o per 
mouth for a growing adult and very httlc less for growing children ; 
it is therefore out of the question in many households, but others, 
cheaper tliough not so good, have been suggested(^). The flgure*r 
do not suggest marked protein deficiency but Dr. Ayloroyd points 
out that it is greater than it appears because of the lower efSeieiicy 
of the vegetable proteins as compared with those of animal origin- 
Prom time to time it is suggested that soya bean would be a valuable 
addition to the Indian dietary, but there is no evidence that it has 
any special value and until any is forthcoming there is no point in 
trying to develop its cultivation. 

These nulrilional deficiencies have been studied most fully in 
Madras but they probably hold also for most of India including the 
Bombay Presidency, Bengal, Biliar and Orissa. In the Punjab and 
the United Provinces, \vhere more wheat and milk are consumed, th" 
problems are probably difCerent. 

Dr. Aykroytl has pointed out that the deficiencies of tlic diet 
could most easily be remedied by the inclusion of animal products •. 
millc, eggs, fish and meat. It is difficult to exaggerate the importance 
of increasing the milk supply ; Dr. Wright is dealing with this. 
Prom the agricultural point of view the production of meat is the 
most costly of these foods, but supplies of fish could probably bp in- 
crea.scd. The Council already subsidises schemes of fish research at 
Calcutta and Madras and there is a strong rase for further develoi>- 
ment. 

Much more work sSiould be done on the cultivation of the green 
leaf vegetables and demonstration fruit and .vegetable gardens slioidd 
be set up adjacent to the village where they can receive manure and 
water. 


The new nutrition officer at Delhi. 

, Heoently a nutrition officer has been appointed to act as liaison 
officer between tlie work of the nutrition laboratory at Coonoor and 
the Agricultural Ecseareb Stations at Dellii and in tlie provinces 
This is an admirable ■development whirh cannot be too heartily com- 
mended, Where there is so much to do it is important that be should 
begin straight away 'with the essential problems, leaving the minor 
ones to later occasions. 

nis first duty should be to collect the evidence obtained b> the 
medical authorities and other public health workers as to the .«tafe 
of the nutrition of the villagers and lomi.speoplc, and discuss with Die 
agricultural experts the best ways of remedying the observed deCeefs. 

It has been suggested that he should study the nutrilive values 
of the new vnrielies of cereals and the relation of deficiencies to soil 
conditions. I do not agree ivilh this view. There arc of course dib'er- 
ences in composition and in nutrilive value of difi'erent varielit-s of 
cereals and of cereals gx'oim under varyiii" soil conditions. Tliese 
may be of considerable importance in technical processes Bueb as 

(1) W. K. Aykioyd and B. G. Krisknan, Indian Journ. Mod. Bos., 1D37, 
Toi, 21, p, 707. 
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brewing, baking, etc., but they are probably of far less importance 
in human nutrition. I am veiy strongly of opinion that the best 
varieties foil borne supply of food are those that give tbe largest 
3 ’ields per acre. The really vital matter is the food ■value per acre, 
not per ton, of produce. 

It is particularly important that the work on human, nutrition 
should not become diffuse ; everything else should be subordinated to 
the tuo vital iiroblems : what are the deficiencies in the village die- 
tary and how best tliey can be overcome 1 

With the greater part of the Report of the Nutritional Advisory 
Committee (*) I am in entire agreement. 

Rice 

Rico IS by tar the most important crop in British Indio, occupy- 
ing 67 million acres out of the 186 million devoted to food crops : 
it is the chief crop in Bengal, Bihar and Orissa, the Central Pro- 
vinces and Madras, and it is surpassed only by wheat in the Punjab, 
the United Provinces and the North-'West Frontier Province, and 
bj’ joivar and to a less extent by bajra in Bombay. It is also one of 
the most interesting of Indian grain crops, for being indigenous to 
India it occurs in a large number of varieties w-hich differ greatly 
among themselves. Among its most remarkable forms aic the long 
stemmed paddies which grow in deep “water so rapidly that they keep 
pace with the rising flood during the monsoon period. 

Some very good work has been done in India on the classifica- 
tion and breeding of rice : t3ie foundations were laid from li)13 on- 
wards by G. P. Ilector in Bengal and by P. R Parnell in Madras, 
Ileclor showed that self-pollination was the rule but cross-pollination 
also oociu'ved through the agency of the wind : be studied colour 
inheritance and worked out methods for artificially cros.sing lice. 
Parnell worked on somewhat similar lines, and incidentally studied 
the errors of experiment in field trials. These investigations have 
been developed, and the Council has organised a co-ordinated scheme 
of rice research in the Provinces, but especiolly at Coimbatore 
(Madras) under Mr. K. Ramiah -, at Nagina in the United Pro- 
vinces ; Chinsnra, Bnnkura and Dacca in Beftgal ; Hnbiganj in 
Assam ; Sabour in Bihar ; Raipur in the (Central Provinces ; Rninal 
in the Punjab, and on farms elsewhere. 

At these stations new strains or varieties are selected to suit tiie 
\videly varying conditions of the provinces. The labour involved is 
arduous and is perhaps flic most disagreeable that falls to the lot of 
any agricultural eiqjerimenter ; it necessitates paddling about in 
gum boots in water or deep mud in the liottest part of the year wilt 
no shelter ; lecolics and snakes are frequent pests while the stati(his 
are commonly in mosquito infested regions. But in spite of the 
difficulties the selection work is well done, large numbers of varieties 
and pure lines are examined, and vast masses of data are collected 
about their botanical and agricultural properties. The experiments 
on cultivation are also good and calculated to give the kind of in- 
formation the cultivator needs. 


(1) Juno 1930. 
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Tlie Avorfc on manuring, however, ih nol always up to t]ie same 
standard. At some centres it is sutisl’nctory, and properly designed 
espcrinicnlA show Imw different varieties reaet to differences in 
manuring. But at other centres tlic experiments arc Ic&s wdJ 
designed and Uie results arc less definite. Few of the experiments 
give really useful information ahont the effect of fertilizers on the 
growth of rice, i'et there is great need for experiments, for by com- 
mon consent an increase in yield is very desirable. The I’icc croi) is 
peculiar among grain crops in its rcquivcmcnls and conditions of 
good groXvtb. A uniform but simple Bcheme carried out at tho 
various stations would give valuable information ; it should include 
nitrogenous and phospliatic fertilizers alone and in combination with 
and without green manure. I suggest that the statistician sliould 
collect the results of the fir.>5t five-year period and sot tiiom out in a 
form in which they can be fully discussed hj* Ihc proper sub-com- 
mittee with a vic%v to the adoption of a more definite scheme. 

There is need also for more work oii the water requirements of 
the difl’erent vai'ieties of paddy in different environmental eonditlons. 
The possibility of making complex cxperiinenks including the circcl 
of dificrent watering and manuring on two or three varieties, simi- 
lar in general type to that .suggested for sugar, .•^lioiild be considered. 
The diseases prohh'ins are important, and I recommend that a criti- 
cal hiiinmary of the jjosition be jneparod as to guide the Count il in 
the allocation of its fund-s between the various groups of rice problems. 

In addition various problems connected with the physiology of 
the rice plant, and the sources from which it derives its nitrogen 
have been investigated This work is described on page 178 ; while 
it m.iy not lead to practical results it is a good hubject for college 
investigation, and server a useful purpose jji the Irnining of students. 
It should be kept to the University scedion of the Council’s activities 
as suggested on page o 

At ^everal eontres work has been undertaken on “ quality ” m 
rice. As already pointed or>t the term is iirabiguous and lias at least 
two meanings ; market quality, svhieh is really commercial desir- 
ability ; and nutvilivc quality, \vhicU relates to value as a Unman 
food. The export of rice from Judin proper is so small Hint con- 
siderations of marlcot quality hardly couni so far os the export market 
is concerned, though there is an important home market for high 
qualify fable vice •wliieli the Ifarketing 3?ranch is invc.stignting ; and 
if it succeeds in defining the grades by .some .system of marks the 
chemist may bo able to discover some connection belw'cen composi- 
tion and grading. By far the most important properties, hoV-cver, 
arc tliose nssociated with nutritive value. 

I recommend, therefore, that the chemical investigations on 
“ quality ” of idee be examined by the nutrition experts, and either 
brought v.dthin their ambit or diseonlinucd. 

Some definite action seems desirable in relation to the use of 
milled and polished rice Vhieh is so strongly deprecated by the nutri- 
tion experts. 

The rice crop is peculiar in that thero are veiy few possible 
nllemativcs : on the lighter rice soils ground nut, sunn hemp, arliar, 
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juar, bajra and maize might to some extent be grown, but on tjhe 
heavy soils there are usually no other possibilities but rice. 

The acreage under rice is apparently declining. I£ this meauo 
that other grams are taking its place as food so that the dietary is 
becoming more varied, the change is probably to the good. I -nas on 
several occasions informed, however, that the yields are declining. 
No good figures seem to be available but if further enquiry indicated 
any basis for the belief it wonld be desirable for the Council to 
arrange for sample surveys to be taken in a region where the decline 
is said to be going on in order to obtain definite information on tlie 
matter (^). 

Wheat. 

The total area under wheat in India during the past five years 
averaged 32.1 million acres, of which 25.6 million acres are in 
British India. It is concentrated almost entirely in the 
North and towards the west. No fewer than 16,7 milion acres 
are in the Punjab and the United Provinces (9.0 millions in the 
former and 7.7 millions in the latter, about half m each case being 
irrigated, rather more in the Punjab and rather less in the United 
Provinces), the rest is in Central Provinces (3.6 million), Bombay 
and Sind (2 8 million) Bihar and Orissa (1.2 million) and the North 
West Frontier Province (nearly 1 million acres). Several of the 
Indian States, however, have important areas under wheat s the 
Central India States, Gwalior, Hyderabad and the Punjab Agency 
States, and Rajputana States have nearly 6 million acres between 
them, the first four groups each exceeding one million acres. The 
total area in British India has increased during the last 20 years 
from 23.6 million to 25,7 million, the increase being both on the 
irrigated and on the unirrigaJed land. 

The average yields reported for the period 1925-26 to 1934- 
85 are given in Table 9. 

Table 9.— Average yield of wheat and seed rate (-). 

(1 lb. por acre). 



Seed 

rate. 

Yield. 

Seed 

rate. 

Yield. 

Punjab 

CO 

738 .Rmd .. 

.. 100 

003 

United Pronoccs . » 

. . 103* 

780 Hydernbad 

OG 

231 

Central Piovuicca . . 

80 

444 Gvalior 

8C 

458 

Bihir and Orissa 

.. 100 

882 Central India 

8C 

382 

Bombay . . 

maunds per acre. 

82 

•147 


(^) examination o£ the 38 jears* records of a Scnral rico farm 

tiiero was no ovidcneo of deterioration of yield. 

(Haskim Amir AU, Vishva Bharat! Bural Studies. 1934, No. 1.) 

C®) Quoted from Keport on Marketing of Wlioat in India, 1937, pp. 11, 
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The great difference between the seed rates of the Punjab and the 
United Provinces requires investigation. 

The return varies from less than 4-fold in Hyderabad to more 
than 14-fold in the Punjab : in the other regions it varies from 
5 to 8-fold. The yields on irrigated land are naturally higher 
than on unirrigated ; thus in the Punjab, the only Province 
recording the yields separately, the figures are ; — 

Average yield on both types of land in the Punjabi^). , 

6 ycat8 1027/28 to 1031/32. 

Miniraum Maximum 

Average. District District 

figures. Figures. 


Irrigated . . 


. . 

007 

610 

1,260 

TTnirrigated 

• . 

. • 

672 

400 

720 

Average for Provlnco 

-- 

-a 

701 

-. 

-■ 


The total iiroduction for British India is reported to be about 
7.5 million tons and for the whole of India 9.3 tons. 

TAunn 10. 

Million tons : average for 1026-26 to 1934-35. 


Ilrilishlmlin. Indian Sl.»tc«.(*) 


Punjab 

.. 2.p 

Central India .States 

.. *3 

United Provinces , . 

.. 2-6 

(lualior .. 

.. -3 

Central Provinces . . 

.. '7 

Hjdci ibid . . 

.. •! 

Bombay . . 

•3 

Punjab SI lies 

•4 

Sind . . 

•2 

Otlitra .. .. 

.. *7 

Others 

.. -8 



Total Brilibh Provinces 

. . 7*6 

Tot il li dim Slates 

.. 1-8 


AillndU 9-.3. 


(From Deport on the MnrkoliuR of Wheat in India, 1037, pp. 18 and 14.) 

Of llu total wheat area in British India nearly one linlf is 
irrigated (31.2 million acres.) : the rice crop alone has a greater 
irrigated men (1S.4 million acres). II is a rabi crop and from 
the irrigation jtoint of view one of the best of all crops because it 
requires .so little water ; while rice may rerpurc 7 to 8 ft. (includ- 
'ing rain) cotton may require only about 21 ft. and wheat only 
about li ft. (»). 


(J) Didilifihcd 1>y tlio Director of Jjaud llecoril'i. 

(s) The fijjurpn for tliC Indian Stntrs are not complpfo and also they aro 
far les.i nerurnto than thoio for British Indiii.^ Tlio total area of IhO Indian 
Statci IS about 101 million nerrs, vith a popuhilioii necording to tiie 1931 ccnmis 
of 81 million, but the Stntisdea for 1984-35, for example, relate only to 70 
Stotrs nilh an aro.'i of fi.'iS.fi million nr res and a population of .IS million, t.r., 
fiO per rent, of the total area and OR jicr oent, of thn total populnlion only. 
Fvrn for purposes of comparison tho ntatuitirH nre incomplete, ns tho number of 
Toporling Ktntos ban inerrnsod from time to time. 

(3) For examples of amounts of water auppliod see “ Statisties of Irriga- 
tion Water Distribution and' Working of Distributaries of tho Canals in tho 
Punjab for tho year 1032-83 (Govornmont of the Punjab, Public Works 
Department, Irrigation Branch, Iiahoro, 1034-.) 

1I301OAR 
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The possibility of combining wheat and cotton into one 
system is therefore very alluring : wheat being the rahi and cotton 
the Icharif crop. Unfortunately the difficulties arc very great and 
have not everj’where been overcome : they are more fully discussed 
on page 137. 

Formerly there was a large export trade in wheat ; for some 
years past it has been very small. The area of wheat grown, how- 
ever, shows no corresponding diminution, suggesting that much 
more wheat is eaten in India than formerly : — 


— 

1910-11 

1014-16. 

1915-10 
1010 20. 

1020 2] 
1031-20 

1020 20 
1920-30. 

1930-31 

1034-35. 

Area under urhent thousand 
acres — 

British India 

Indian Slates (^) 

i 

24,284 

4,087 

23,004 

4,440 

23,20^ 

5,387 

24,477 

0,021 

26,b82 

0,450 

All It dta 

28,771 

28.044 

28.051 

30,308 

32.141 

Ihcports, thons ind to IS • 

1,239 

068 

453 

103 

46 


The Intest figure U'AiUWo for area is 3S,6 million acres rurthcr incioases 
in nhont area seem probable as the irrigated areas increase 

When the Lloyd Barrage scheme was sot up iu Sind it was 
intended that the area under wheat should finally attain 2 million 
acres. Tiic present acreage is about 1 million : it remains to ho 
seen how far the initial plan can be realised, but further expansion 
is almost certain to come m one or other of the Provinces especially 
in the Punjab now that the Sutlej valley geheme is sanctioned. The 
possibility of over-production -was discussed by the Crop Planning 
Sub-Committee of the Advisory Board of tlic Imperial Council of 
Agricultural Research in June 1934 but no clear evidence was 
forlbeoming. It was decided not to stimulate further praduction, 
but also not to diseoux’age it. A steady demand for wheat will in- 
evitably call forth the supply. 

Experimental work on wheat in India. 

The foundation for the experimental w'ork on wheat was laid 
by Mr. IV. 11. Moreland, for many years Director of Land Records 
and Agriculture in the United Provinces who collected various 
wheats and sowed them so that they might be studied. J. Hayman, 
the first Deputy Director of Agriculture, carried out the work, and 
Mr. B. C. Burt (now Sir Bryce Burt) grew the collection on the 
Cawnpore experimental farm — the first experimental farm to be 
set up in India (®) and showed them to lEr. Howard (now Sir 
Albert Howard) and Dr. Martin Leake who at once recognised 

(1) Soo Koto Z on pago 25. 

( 2 ) It was staxteS by Mr. (later Bir) !E3ward Back abont 1880. 
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the importance and value o£ some o£ the varieties and used them 
in their later -work. The actual founders of the modern Indian 
wheats are unquestionably the Howards, who had the artist’s eye 
for picking out the varieties likely to do well and those that would 
not ; in consequence the selections and crosses finally made have 
proved remarkably successful. Then* Avork began in 1905 and 
Pusa 4 and Pusa 12 soon proved valuable in the United Provinces 
and the North West Frontier Province. 

Mr. David Milne carried out systematic selection of the Punjab 
wheats at LyaUpur from 1907 onwards, and multiplied the best 
strains for distribution. In consequence of all this Avork a con- 
siderable area is noAv sown Avith the improved Pusa and Punjab 
wheats ; OA'cr all India an area of about 7 million acres, or 20 per 
cent, of the total Avas in 1934-35 soAvn Avith improved AA'heatsO). 
Of these Punjab 8-A, bred at LyaUpur, is said to be one of the 
mo.st popular, accounting for about 2i miUion acres — ^nearly one 
half of all the area under improved Avheats. The Central Provinces 
and Central India, however, have not benefited so greatly from 
the improvements as tliey grow a good deal of durum Avheat, which 
have nol j’ct been so fully studied as the others. 

Prom the papers and the close touch Avith the English millers, 
it seem.s clear that the IIOAvarda had ahvays in Ariew the require- 
ment of the English tnai’ket and they enlisted the assistance of 
Mr. (later Sir) Albert Humphries, a Avell-knoAvn miUei-, in assessing 
the quality of the wheats they bred. The English A'alue for 
“ strength ” Avas adopted. Tliis purpose was justified by the 
considerable export of Avheat to England in those days. Several 
factors contributed to the ready saleability of Indian Avheat on the 
English market. It AAas certainly dirty, but it was cheap and it 
contained less moisture than some of its competitors so that its 
real price Avas even loAvei- than its markel price. In pre-war days 
it made a useful combination Avith the Enssian Avheat, because while 
Russian Avhenfs yielded rather soft and runny doughs, Indian 
Avheats gaA'e “ .short ” and clay-like doughs, and the tAim together 
gave satisfactory results. Modem Russian AA'heats no longer show 
this defect, English millers slill, hoAV'CA'cr, find use for Indian 
wheats when the price is sufficiently low^, and in point of fact they 
are noAv using the not dissimilar Persian and Iraq Avheats. 

The modern improved Indian wheat is A’ery different from the 
ordinary Karachi Avheat and compares favourably Avith good Austra- 
lian, Canadian and South American samples ; if ever it became the 
predominant wheat exported from India it woAild readily compete 
with them in England provided it Avere clean and iiroperly graded. 
This would mean the setting up of proper cleauiug machinery and 
elevators at the Indian ports as well as adequate arrangments for 
grading and control of shipments — altogether a big business. 

The important question of policy arisas .* should the Agricul- 
tural Departments in India aim at securing a place in the English 
market or should they dcA-elop the home demand 1 If the aim is 
the English market then vigorous steps should be taken to export 

(3) 34.5 milUoa acres of (rheat were sown in tbat year. 

H30ICAR D 2 
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only graded improved wheats, which should therelore be produced 
on such a scale that they can displace the old varieties on the 
English market. If, on the other hand, it is proposed to develop 
the home market then English standards of “ strength ” should 
no longer dominate the investigations but close study should be 
made of Indian requirements, which are almost certainly different. 
By far the greatest part of the wheat used in India is ground in 
hand mills or small power mills and made into chapatis : there is 
not much demand for the white flour produced by roller mills which 
is the most popular kind of flour in England (^). Instead of study- 
ing the milling and baking qualities of Indian wheats only from the 
standpoint of the roller mill it would be far better to study their 
behaviour in the cJiakki and for making chapatis. 

On the que.stiou of policy I express no opinion. Two important 
factors must he taken into account. In favour of the export 
market is the consideration that a large export trade in normal 
years affords the best guarantee against famine in years of low 
yield. In favour of developing the home consumption is the fact 
that "Western nations having a choice of cereals always choose 
wheat, maintaining that it is the most suitable to the normal 
man’s life. Physiologists may point out that other grains are 
richer in various constituents ; that bajra contains more fat and 
has a higher calorie value .- that ragi contains more calcium : 
nevertheless peojilo who have the choice take wheat. Against this 
it has been argued that wheat being a rabi crop is less suitable as 
a food than the kharif crops, bajra, cholam, ragi, maize, etc., because 
it takes water that might be given to more lucrative cash crops j 
further, that these kharif crops give higher yields than wheat ; 
in the Punjab, for instance, 20 to 25 mannds per acre against only 
about 12 of wheat. In spite of all this, however, if one may judge 
from what is happening elsewhere it seems probable that the con- 
sumption of wheat in India will still further increase and investi- 
gations as to quality should therefore be directed mainly to Indian 
requirements. 

The Council should form some estimate as to the extent to which 
an export trade is desirable so as to guide the Departments in 
regard to the .sowings. The export trade and the Indian roller 
mills will require improved strong wheats and enough should at 
least be sown to provide these: the home trade may prefer some 
other variety in which case the necessary multiplication of seed 
would need to bo done. 

Meanwhile a now factor has come into prominence : the neces- 
sity in resistance to rust, which by common consent is tho most 
serious disease of wheat in India. One of the Pusa wheats — No. 
114 — ^is fairly rust resistant and so is spreading in Sind : a watch 
for other varieties is being kept by all wheat breeders. Professor 
Iv. C. Mehta, of Agra, is studying this question of rust resistance 
and in conjunction with Dr. Pa l of the Imperial Bescarch Institute, 

(* ) la 1030 37 about half a million tons of wlicat noro taken by the roller 
nulla, leaving about 0 million tons for tho band or small power mills. 
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Delhi, is breeding rust resistant varieties from whioh it is hoped 
to select some possessing high yield and vigour. 

The worlc is described on pages 98 and 148, where also 
Professor Mehta’s recommendations arc given. These should be 
seriously considered ivitli a view to giving practical effect to the 
underlying relationships which he has worked out. 

Barley. 

Barley occupies only about 6^ million acres in British India, 
two-thirds of the acreage (4.17 million) being grown in the United 
Provinces, and the rest In Bihar and Orissa (1.2 million acres) and 
the Punjab (0.61 million acres). But since good malting samples 
command a price far above that ruling for ordinary cereals it may 
have .special value as a potential cash crop. 

Por many years now Indian barleys have been exported to 
England and some have been taken by maltsters, though never at 
a high price. Numerous attempts have, been made to produce 
improved varieties that would obtain a better price and a more 
secure position in the market. 

Two types of barley are used by English brewers : two-rowed 
and six-rowed t Iho.v .serve somewhat different pm'poses in the brew- 
ing processes and tliey are not altogether interchangeable. There 
is no ovideneo that India could produce the two-rowed barleys, 
hut some of the recent six-rowed varieties compare favourably 
with the OaliCornian barleys at present used. 

Tf Californian barley were indcfinilclj' obtainable in its present 
quantity the Indian barleys would luive difliciilty in .supplanting 
them. Two new factors have, however, recently come into tho 
siluation. It seems -ijrohnhlc that the supplies from California will 
fall off. The United Slates are Jio longer " dry " ; the manu- 
facture of beer has recommenced, ,'nMl necessitates the use of much 
of tho Califomisin barley that used to be exported. Further, the 
preference given at the Ottawa Conference confers a price advan- 
tage on Indian barley as against Califoraian. For these two 
reasons, therefore, the im])roved varieties raa.v be ex]icctod to sell 
in England as soon as they arc obtainable in commercial quantities, 
provided alway.s, and tin’s is extremely important, that they can 
he .shijiped clean and free from the Klinpr.s beetles th.it have in 
recent years so ntiicli damaged the reputation of Indian barley 
abroad. This would probably mean the sotting up of some larp^e 
scale cleaning plant at the port, and shipment under tho Certifi- 
cate of a Government inspector. 

The millets ; Juar, Bajra and Bagi. 

These three crops occupy nearly 40 million acres in British 
India and about 03 million acres in the whole of India s Juat 
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(Andropogon sorghum) is the most important, Bajra {Fennketum 
iyphoideum) comes next, and Eagi (Hleusine corona) third 

MlUion acres 1034-35. 

llntit>h Jndin. Indian Stfttcs. AH India. 


Juar 

. 


21-8 

14-6 

3G-3 

Bajra 

.. 

.. 

13-1 

7 1 

20 2 

Rngi 

• 

•• 

3-7 

2-8 

G-5 


Total 

-• 

38- G 

21 4 

03-0 


The acreages are far below those for rice but they exceed thewe for 
wheat or any other crop. Tlie special feature of the millets is that 
they are khawf crops sown just about the time when the monsoon 
breaks : and thej’ may receive little or no water beyond^ what the 
rain brings, tliougb if nater is availal)le it is of course given when 
necessary They are, liowover, associated with dry rather tlian 
with wst conditions : they are the chief crops in the non-irrigated 
and dry farmed areas ; usually they are more or less complementary 
to riee, t e , in districts where there is a large area of rice the area 
under the millets is small and vice versa. Hyderabad State has 
the largest juar area (8 8 million acres) ; Bombay has a little less 
(8.4 million acres) but it has the largest acreage of bajra (4.8 million 
acres). Madras and the Central Provinces have respectively 5.1 and 
4.3 million acres of juar : the Punjab, Madras, Hyderabad State 
and the United Provinces have also considerable areas of bajra, 
nhile Mysore has the largest area under ragi (2 3 million acres) 
followed by Madras (215 million acres). 

The millols serve a dual imrpose the grain is used for human 
food thorigh there is a certain social distinction involved ; the millets 
being assonaled with the loner rather than with the upper grades 
of ‘!oeietv(’). The stallcs form, in many districts, the chief food 
of the cattle lor some six months in the year. 

A certain amount of work has been done on these crops in 
several of the Provinces hut none of the selected varieties have 
spread far, and theie are no successes comparable with those obtained 
with sugar cane, vheat, or rice, to whicli the older plant breeders 
had confined their attention. There has, however, hardly been 
time to find improved sorts, and certainly no time for them to spread. 
Moreover these crops are indigenous ; they have been gi’own for 
hundreds, if not thousands, of years, and considerable selection has 
already gone on in the villages. There is no indication of any 
possibility of drastic change comparable with that made by Dr. Barber 

(J) ” Many of tho hovtcl superintcndcntB told uh that they had the greatest 
difficulty in persuading the children to eat mgi and other hinds of millet, even 
when millet is the staple food of the district from whi^ they como Adolescent 
country bo^s and girls, ^ who are hoping to raise themselves ahovc tho status of 
their parents, feel entitled to consume the cereal of the townsman and the 
Mueated classes — ^milled, rice." 'W. B Aykroyd and B. Q. Krishann, Indian 
Jl. Med. Hcs., 1937, Vol. 24, p. 723. 
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in sugar cane wlien he succeeded in crossing it with the wild 
Sacckarum, Finally, these croi)s have definite taste, and the peasant 
accustomed to one variety is not likely to change if the taste is 
different. 

"With the establishment of a millet section at Coimbatore and at 
Indore, and expeiimental schemes in Nagpur, Lyallpur, and in 
Bombay in connection with the dry farming scheme in the Punjab 
and the Central Provinces, one may hope for improved strains, 
giving higher yields or being more resistant to drought, pests and 
disease!?, and to the troublesome jparasitie plant Striga (page 179). 

More work is, however, needed, in view of the importance which 
the nutrition experts attach to the millets. In particular some of the 
humbler varieties such as Kodon, the poor man’s crop, should be 
more studied and either improved or replaced by something better. 

The Pulses. 

The Council has no schemes for studying the pulses but in view 
of their imporUmce as sources of protein I suggest that a conference 
should be held with the nutrition experts to discover whether more 
work could usefully be done, and, if so, on what hues. 

Vegetables. 

A considerable amount of good work is being done on potatoes, 
one of the most useful vegetable crops ; it is described on page 147. 
In view of their importance more attention should be paid to other 
vegetables, particularly the cheaper and more easily cultivated of 
those commended hy the medical authorities as supplying vitamins 
or mineral constituents deficient in the ordinary diet. The peasants 
in Northern India can grow very good vegetables, and at some of the 
6ho^vs I have seen sjjeciraens that conld have been exhibited ivith 
satisfaction .anyvdiere. A marked extension of vegetable growing, 
as of fruit, is .very desirable. 


Fruit. 

Althongh finits of various kinds have been grown all over India 
from time immemorial it is only in recent years that efforts have 
have been made to pnt fruit production on an organised basis. The 
natural inclinnlions of the people to eat more fruit have been stimu- 
lated by the medie.'il advice that fruit and vegetables are among the 
best sources of the vitamins and other substances missing from the 
ordinary Indian dietaries. Consumption appears to be greater than 
production, for thci*c is a considerable import of apples from the 
United States and Japan, and of grapes and oranges from the 
United States. In consequence every Department has taken up the 
question of fruit growing mthin its province and some very useful 
work has been begun at Ganeshkhind and elsewhere which deserves 
every encouragement. 
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The ranijp of fruits that can be grown in India is unusually wide. 
Al l the ordinary European varieties can be grown in the high country 
in the North o£ India j while the tropical fruits can be grown in the 
plains and in Southern India 

The North West Frontier Province, Baluehistan and Elashmir 
all produce fruits familiar in Europe : apples, plums, apricots, 
peaches, grapes, etc. Other hill districts in tlio Punjab, the United 
Provinces and tbc Nilgiris produce strawberries and apples. The 
possibilities of development in the hills seem considerable. The 
plains produce mangoes, leitchis, papayas and oranges, while Bengal 
and the Peninsula produce bananas and in the wetter regions, pine- 
apples. Mysore is remarkahlo in licing able to produce two crops of 
apples in 12 — 15 months, wliieh is I believe a unique nehievemeut, 
in addition to tlic crapes, mangoes and bananas which do very wdl 
there. 

There arc tivo aspects to the problems of fruit and vegetable 
production : supplies to the towns and supplies to the villages. 

The to^vn supply involves difficult questions of quality, trans- 
port, storage and marketing ; they can be solved but usually require 
some special machinery. Transport is so important and liable to 
he so dilfieult that no area should be put into fruit unless it seems 
clear that adequate transport arrangements can be made. The 
production problcuLS are fairly straightforward and a good start has 

(1) Mr. B. C. Jnvurnya has furnished me nith the following list of common 
fruits in tho innons provinces : — 


Baluchistan . . . . 

B.-tV. Trontier . . 

Kashmir . . . . 

Punjab . . 

Kulu Valley .. 

United Provinces : Bainitai 
clsenhcre and on plains 

Assam . . • . 

Bcng,sl 

Biliar .and Orissa 
Central Provinces 
H} dcr.abad-Dcccan 
Bombay 

Madras .. .• 

Nilgiris 

Mysore 

Travnneorc 


grape, peach, apricot, plum, melon. 

tbc above and also quince, apricot, pear, 
orange, sweet bmc. 

apple, pear, cherry, plum, apricot. 

orange. 

apple 

apple, stranberiy. 

mango, loqnat, Icitcbis, melon, pineapple, 
pineapple, orange 

pineapple, banana, mango, orange, melon, 
mango, leilciiis 
orange, b.anaan. 
grape, o'angc. 

mango, omngc, banana, strawberry, Hg, 
gr.ape. 

mango, orange, banana, grapo, pear, pine- 
apple, 

strawbeny. 

apple, grape, maago, banana, 
banana, pineapple. 






Fniit transpoit Iiom Qnetta. 
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been^ made with them. The first essential is to clear up the rather 
considerable confusion in regard to the varieties : the indigenous 
fruits — mangoes, bananas, etc.— occur in large numbers of varietica, 
some of wiiich, however, Jiavc different names in different places. 

Good stocks must be selected and produced in quantity for bud- 
^ng or grafting and Laving done tins perhaps the most difficult task 
is to arrange for distribution of stoclcs and trees true to type : this 
must he done cither from Government farms or from commercial 
nurseries which are rigidly inspected and certified. 

The extension of fruit culture will almost certainly be accompanied 
by an extension of fruit pests. The San Jose scale has already 
appeared in Northern India and may do much damage unless it can 
be checked. The Imperial Research Institute should be empowered 
to keep a close watch on all potentially harmful pests and advjse as 
to the proper precautions and remedies. 

A special feature of large scale fruit growing, and one which 
maiccs it very attractive to men who like the organisation of an estate 
and the possibility of doing well, is that it requires for full success 
and development in each important fruit grow’ing centre of certain 
subsidiary industries. The most important of these is the preserving of 
fruit and vegetables bj’' various means and the making of fruit products, 
.so that .unmarketed fruit can be converted into some marketable form 
and potential w^aste material can be used to good purpose. In- 
vestigations on these lines arc being made at Iiyallpur. Other 
industries, smaller but also important, are the keeping of bees, which 
beside giving Imney play an important part in the fertilizing of 
the blossom and the setting of the fruit ; and the maldng of baskets 
or boxes as containers s this in turn necessitates tlie collection or 
cultivation of suitable shrubs or trees to furnish the necessary 
, material. 

Thus the cultivation of fruit leads to the employment of far 
more labour than the cultivation of other cro})s, and it is admirably 
suited for graduates of agricultural colleges who may w'ish to become 
something better than ordinary farmers. 

The problem of fruit and vegetable supplies for the villages is, 
however, on a different footing. Here the need is for cheap hardy 
fruits and vegetables, whidi can be grown around the village and 
which require nothing in the Way of costly management. The 
problems are those of notion rather than of research. Finality in 
fruit and vegetable culture can never be attained, and there ydll 
always be need for more experiments on selection, propagation, 
cultivation and general management. But in the meantime a 
great deal more is loiown at the Experiment Stations than is prac- 
tised in the villages, and the chief need at the present is to spread 
the cultivation of fruit and vegetables as svidely and as speedily as 
possible. Adequate place .should be given at the experiment 
stations to easily cultivated and inexpensive fruits and vegetables 
so as to keep them prominently before all interested in the develop- 
ment of the countryside. But the work must be carried into the 
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Tillages. The planting of mango trees along the roadway leading 
to the village ; of vegetables on any available site near the village, 
e.g., the slopes of the nullahs where these are cultivable, and where 
possible the planting of orchards, are really urgent matters. At 
most of the evperiment stations where fruit is grown I found men 
sufifieicntly skill ed in the art of fruit and vegetable production to 
be able to render great help to the villages. Still more important, 
the help of the village teacher, nhere there is one, should be enlisted. 
This extencion of fruit and vegetable growing is so important that 
it should be pushed forward as rapidly ns possible. 

Keferencp has been made to the increased interest in fruit grow- 
ing but the statistics reveal a rather remarkable trend. The fruit 
areas are not slioivn separately but are included with vegetables and 
root crops ; the total areas have declined since 1914-15 (Table 11) 
in spite of the increase in population, particularly on the eastern 
side : hladras, Bihar and Oii^sa, Bengal and also Bombay : the 
decline is less marked in the United Provinces and the Punjab and 
there has been an aetuel increase in the Central Provinces and the 
North "West Frontier Province. Prom the reports of the Market- 
ing OfScers. it appears, however, that the areas under fruit have 
increased (1). 

TabiiU 11. 

Area of Fruit and Vegetables {including root crops), 
growing in India since 1911-15 : average 5 year periods. 


ruc'jcsi penod. 


lljlhon notes Average. 


1814.13—1018-19 .. 




0 70 

1019 20-1923-24 .. 

.. 

.. 

• . 

6-42 

1024 25—1928 2S . 

.. 


. n 

6’OG 

1920-30— 1933-34 . 

. 

. 

» . 

5-00 

1031-35 .. 

* ^ 

.. 

.. 

4-82 


Oilseeds. 

Oil.vceds occupy about 5 per cent of the total soun area in 
Bntisli India (14^ million out of 259 million acres) : but the precise 
acreage is difficult 1o ascertain because they are often sown in rows 
among other crops They are coneentraled cliieilv in Madras (28 
per cent of the total area grown), the Central Provinces (13 per 
cent ), Bihar and Oris'sa (12 per cent.) and Bombay (11 per cent.). 
Cottonseed is not include in these acreages ; practically all that 
IS not wanted for mowing is fed direet to cattle, a rather wasteful 
process. 


, , indobtod to Mr. H. O. JavaraTa for a snmmatv of all the avail- 

able data on tbia point. 



TiBiiH 12. 

Acreage and production of Oil Seeds. 



fdoDgiido them. 

(*) Baled. These are G^rea ot raw cotton. I'lgorcB of cottonseed oro not oTulablo. 
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There lias been a marked change in the fate of the oil seed crop 
in recent years. Prior to the war there was a large export, but 
this has fallen considerably and except in the case of linseed, stOl 
fseems to be falling. Much of the ground nuts, and most of the 
(rape, mustard, sesamum, safflower and nigei* are now used in India 
as food : about a quarter of the ground nuts are exported, and a 
large proportion of the castor and linseed (Table 13). These are 
sent out mostly as seed, but there is a substantial export of ground 
nut and linseed calm and some rape cake and castor oil — ^used as 
lubricant. The export of cake finds some explanation in the fact 
that in absence of a cattle fattening industry linseed calce is not 
much in demand in India, while some of the ground nut cake goes 
to Ceylon as manure. Of the cakes that remain in India, castor 
and neem cakes are used as manure, and the others as foods for lir^ 
stock. 



TabiiB 13. 

OH Seeds : Total exports from ports in British India(}) and values in £ sterling. 
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Giottn<IntttOtI(Giai<nu} .. 17,170 620,291 602,770 

Gioundnut cake (Tons] .. .. .. .. .. .. 12,803 26,733 31,369 
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Oilseeds are of great importance in human nutrition and as 
crops ^ey have many agricultural advantages : they fit well with 
irrigation schemes ; and the chief of them, the ground nut, has the 
furSier advantage that it is a leguminous crop and so improves the 
productiveness of the soil : indeed advantage is taken of this pro- 
perty in parts of Bombay and the Central Provinces and Berar, 
where groundnut precedes cotton in the rotation to an increasing 
extent. 

It is therefore very desirable to encourage their cultivation, and 
a co-ordinated scheme of research has been set up with the view of 
improving both yield and quality of the crop. The necessary 
selection and breeding work has been put in hand on a properly 
organised plan at Delhi, Coimbatore, Lyallpur, and other centres. 
The brassiea oilseeds are likely to give some trouble but the work 
is proceeding satisfactorily : it would be improved if a first class 
geneticist could supervise the 'procedure and the classification. 

Search for rust resistant varieties of linseed is made and at 
the Hareourt Buller Technological Institute the various oils are 
studied chemically and physically. 

The programme of work is good and it is being satisfactorily 
cariied out. 


Mixed Cropping. 

The agricultural economic aspects of mixed cropping should 
be studied in view of the widespread use of this practice and the 
probability that some crops mix better than others. 

Fodder crops and grazing for livestock. 

Under present conditions the amount of food produced is in- 
sufficient for the large number of animals in India and in conse- 
quence many of tliera are inadequately fed. So long as tins con- 
tinues the efforts ii'<iv being made to improve the quality of the live- 
stock by dl.siributiiig bettor bulls cannot attain wide success. The 
bullock, as the source of power, usually comes off beat, but tlie cow 
is not so well fed and in consequence of a low diet gives only poor 
yields of milk. If it were feasible the best course would be a large 
reduction in numbei-s of animals so as to bring the livestock popu- 
lation more into line with the supplies of food, hut this cannot be 
done rapidly. Some gradual reduction wdll no doubt come about 
by economic pressure as the grazing gi’onnds become more closely 
settled for cultivation, and as the castration of scrub bulls becomes 
more commonly practised. Improvements in the farm implements, 
and partioularlj' in the bullock cart, would reduce the need for so 
many bullodcs in tlie village. It is commonly stated that the 
cultivator must have large numbers of animals in order to obtain 
sufficient farmyard manure : this is only partially true. The 
quantity^ of manure produced depends on the amount of food eaten, 
and a given quantity of food produces more manure if fed to one 
animal than if fed to two. Per the present, however, the only prac- 
ticable solution is to increase the production of animal food. 





Forest grazing. 
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Over a largo part o£ India the only food for the animals eonsists 
of tlie stalks or straw of the grain crops : rice, wheat, juar or millets 
and snch grazing as is obtainable. A few Provinces, however, grow 
definite foddei* crops, especially the Punjab, Bombay and the United 
Proviiioes : — 


Slillion Acres, I'oddcr fodder crop 

Totnl arco crops, as per cent, 

sown. of total. 


Punjab 

• . 

, , 

20-8 

4-8 

16-1 

Bomb.'iy .. 



.St-1 

2-0 

7-C 

United Provinocs . . 

, . 

k * 

43-4 

1-4 

3-3 

Central Provinces . . 

, , 

• • 

27-G 

0-IC 

1-7 


Tlie others ]ia\e a smaller proportion of fodder crops. 

Grazing. 

The grazing areas fall roughly into two groups associated res- 
pectively with forest and with cultivable wastes ; the latter are 
miieh more important. Only about 10 per cent, of the cattle of 
the five Provinces possessing much forest have access to forest 
grazing : tlie figures are given in Tabic 14 (p. 40). The acreage of 
forest grazing available per head Is only an overage figure and it 
inoliiclcs considerable nrtM.s that ttre tUtnost iuaecc-ssible : the density 
of livestoclc is imieh greater on the areas nelnally used. 

Where the grazing is under the control of tho Forest Depart- 
ment, or whole, a.s in part of Madras, it is leased in blochs for sub- 
letting subjeol to certain eondiUons, the pasturage remains good 
and tlicie are jmssiliilitics of improvement. But where the Forest 
Department lias no control the los*-cs have been greater. Consider- 
able areas of wooded jmsturc — ^marginal land between gras-, and 
forest — in Hie regions of low rainf.ill have been taken out of the 
Forest dcparlinont control and handed over to a non-tecbnical do- 
paitment or to the paneh.nyal.s : here grazing has been more or less 
unrestricted and lo.sscs have re.sullcd. In the Punjab foothills 
ivhere unrest rietecT grazing has been given as a right, tho vegetation 
i.s denuded and soil erosion has set in ; some really appalling losses 
have alrend}"^ oecuiTcd and more can be expected. 

The improvement necessitates two' regul.atioiis : 

(1) rc.slrietion of the period during which grazing is permit- 

ted ; all animats being excluded during the first 3 or 
4 months of the monsoon so as to give the herbage a 
chaneo of developing ; 

(2) rigid restriction of the numbers of animals finally admit- 

ted ; the restriction being cither by regulation or by 
increasing the grazing fees. There are no set rules 
about acreage but 2 acres per head is recognised as a 
suitable standard for cattle, subject of course to 
variation according to conditions. 





TadijD 14. 

Numler of animals using grazing land and of those unable to do so.(*) 
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Instances could be multiplied of successful results obtained in this 

■way. 

The great majority of the livestodm — ^90 per cent, according "to 
the above figures — ^have acccs.s only to non-forest grazing and this 
inclxides a considerable amount of very variable land much in need 
of fuller classification and study : it mostly falls ndthin the category 
of “ cultivable -xvaste land not available for cultivation ” of wMch 
there are large areas in all provinces. Much of it could be utilised 
as grass combined with plantations for the provision of fuel and 
fodder : the Forest Department in the United Provinces have planted 
up, at but little cost, some thousands of acres in the Saharanpur and 
Babraich districts and hope to obtain about 600 tons of green leaf 
fodder and 1,500 tons of fire ■wood per square mile of plantation per 
annum. 

Sir C. G. Trevor's Committee recommended the formation in 
every Province of a Standing Fodder and Grazing Committee eom- 
pased of officers deputed by the Forest and Eevenuc Departments 
and an Animal Husbandry officer to study these waste soils and adxdso 
as to their development. I entirely agree and -would only recom- 
mend the addition of an agricultural officer having special know- 
ledge of soils and who could suggest suitable fodder crops for any 
areas where they might gro-w. 

Besides these “ cultivable wastes " there are better grazing lands 
some of which are in private hands, and others more or less communal. 

So long as the grazing lands remain open and unfenced it is 
difficult to efrect much improvement : the animals wander freely and 
can eat out tlio best of the herbage, leaving it no opportunity to 
recover. 

Enclosure and rotational grazing are the most effective improve- 
ments, Dixosion of the area into fields ■xvhicb arc grazed one by one 
in rotation give.s the vegetation a chance to recover, and, tbero being 
more of it, the animals need not wander far in search of food, and 
some of the enclosed grass may be .spared for conversion into hay. 

The cliief practical difficxilty is of course the problem of fencing : 
cattlc-proof fences of the ordinary kind being costly (i). 

The time at whieb the animals arc allowed to graze the herbage 
is important : indeed in England one can change the character of 
the herbage entirely by merely altering the incidence Of the grazing : 
hca-vj* autumn grazing changing the flora in a different direction to 
tlie change produced by heavy spring grazing. 

Dr, Bums’ investigations rax the improvement of grasslands in 
Bombaj' arc wcll-knoxni (®). 


(1) An nltomntiva nnd much clicapcr method might succeed : a single 
strand of barbed vriro in circuit with small indnoiion coil charged by an ordinary 
motor' car baltcry sufllccs to hoop tho tame British cnttlo from straying : they 
greatly dislilco the slight sliOclc rocoivod -nrbon they explore tho wlro with tlioix 
noses. 

(Z) Fusa Memoirs, Bot, Scries, J925, *701. 14 and 1020, Yol. IG ; Bombay 
Bopartment of Agriculture Bulletin. 

H30IOAB 
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Further investigations are needed on the manuring of the land : 
open grazing lands in the diy parts of Australia and Now Zealand 
have greatly benefited from phospbatic fertilizer. An experiment on 
these lines is being organised on the tarani grazing area of the Hissar 
Farm in the Punjab. Ileavily grazed enclosed land may respond to 
manurial treatment where the open land did not. 

Closely associated with manuring is the provision of “ Uebs ” to 
give the animals any mineral nutrients that may be deficient in the 
herbage. Chemical analysis of the herbage from various hill pastures 
is being carried out at Lj'allpur and other centres (page 133). 

Enclosed land can also be improved by reseeding with mixtures 
of grasses and leguminous plants as has been done in the Central Pro- 
vinces, and this gives an opportunity of introducing better or more 
drought resistant grasses. Some excellent w'ork on this subject 
is being done by Dr. Pole Evans of Pretoria, who has searched the 
highlands of East Africa and the deserts of South-'West Africa for 
drought resistant grasses and found a family of "Wooly Finger grasses 
some members of wliich, notably Digitaria Seriata and Digitaria 
Pentzii are proving remarkably successful. It is desirable to experi- 
ment with these and with other drought resistant grasses. I gather 
from hir. C. C. Colder of the Botanic Gardens, Calcutta, that certain 
Central American plants thrive very well in India, evidently finding 
tlie conditions suitable, and some of the grasses might prove useful 
as fodder. Introduction of exotic species, however, demands very 
great care and close botanical supervision. 

Some of the indigenous grasses are very good : lists of the lands 
best suited for hay are given in the Military Grass Farm Manual. 
More experiments should be made on the indigenous grasses at the 
Stations ; a few selections are being made at Hebbal Farm, Bangalore 
and at the Experimental Farm, Nagpur, and this type of work ^ould 
be extended ; there may be possibilities of considerable improvement. 

The grazing lands around the village may in the monsoon give 
more vegetation tlian can be consumed at the time. Ensilage seems 
the best way of utilising this temporary excess and esperiments should 
be luidertaken to find the relative advantages of pit and of stauck 
silage ; imd of one cut of full grown herbage as against two cuts of 
Iras mature material. The effect of molasses on the making of 
silage should be examined. 


Fodder Crops. 

A wider introduction of fodder crops into Indian agriculture 
would probably effect great improvement in yields and in total out- 
put. More food for the animals would mean more manure and en- 
hanced fertility of the soil. This was the prime factor in the im- 
provement of British agriculture and the additional yields of grain 
more than compensated for the area taken from grain and put into_ 
fodder crops. Leguminous fodder crops in addition to increasing* 
the quantity of farmyard manure also enrich the ground on which 
they grow ; ftey cannot usually be fed alone, however, and generally 
axe mixed with non-leguminous crops. 
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In the Punjab considerable areas of fodder crops ' are grown 
witliout irrigation but in inanj* parts of India this is not possible, 
and water must be supplied ; considerable quantities of food per 
acre can then be obtained. Berseem (I'rifoMum Alexandrinum) is 
one of tlie best fodder crops ; it is a native of J3gypt but it grows well 
in Northern India (North-West Nrontiev Province, Sind, Punjab, 
United Provinces, Bihar ) yuder irrigation. Some striking results 
have been obtained with it in Sind (page 138) : it can be sow’n in 
the cotton just after the last picldng. One of its great advantages 
is that it increases tlie fertility of the land on wliieh it grows and 
hence it furnishes not only its own weight of food but additional 
yield of the succeeding crops. In Sind it lias tlie added advantage 
of being ICalar resistant and useful in the reclamation of saline land. 
Mr. C. U. Parr of the Meerut division has experimented with berseem 
as a catcli crop, feeding it to buffaloes for milk and obtaining also 
additional yield of the succeeding crops ; this type of work should 
be extended. One difficult^' in regard to her.sccm is the supply of 
seed whicli was reported to me to bo both insulllcicnt and bad owdng 
to a mixture of weed seeds. Pe.shawnr is at present the chief source, 
but a wider area of supply could no doubt he developed. Two local 
leguminous crops seem to desen'e further investigation and selection ; 
Sengi {Mclliloin.’t parviflora) and Bhaftal (Trifolivm resupiniiitn) or 
Persian clover. 

Various exotic grasses giw well as fodder crops ; Napier grass 
(Pennfsetum purpurcum), Guinea grass, Sudan grass {Andropogon 
sorghum), var. Sudanensis : under irrigation and manuring these 
can give several outs'a year to be fed green or made into hay or silage. 

One of the Australian grasses, Paspahim dilaiaivm, has given 
promising rc-suUs in Assam, aud it would he wortli while trj'ing a 
successful Australian clover, subtctrancau clover. 

Tlie fncl that fodder crops are used to supplement to grn.ss pro- 
bably explains wliy some of the best developed cuttle in India ore 
produced in dry aroas where the growth of grass is sparse. The 
cattle reared on coarse rank gra-ss in the wetter parts of India are 
of poor quality and of little use either for milk or for work. 

In the event of a dairy industry developing there w'ould be great 
scope for t1ic.se fodder crops. 

Fodder trees. 

If any extensive planting of tlio “ cultivable wa.sle ” were done 
it ivould be necessary to .study the fodder trees more fully so n.s to 
know which to choose for tlie plantations. In addition to tlie native 
trees tlic Carob tree, cultivated in Palestine, a leguminous tree provid- 
ing pods of nutritious seed, miglit bo worth investigation. 

Tobacco. 

One of the most striking cliangcs in personal liahits since the war 
has been the increased smoking of tobacco. Large quantities arc 
grown in India, most of it for home consumption, but an increasing 
amount, of increasingly good quality, is exported. Tobacco has 
many advantages ns a cash crop and its cultivation deserves cautious 
cncourngeinent. 

HSOIOAB. 
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It grows best under conditions of good natural rainfall, and there 
is no evidence tliat it would develop any high degree of quality under 
irrigation. The most important tobacco gromng area in India is 
the Guntur district of Madras where some 120,000 acres of cigarette 
tobacco were grown in 1936, of which 42,000 acres were Virginia 
tobacco of the best quality — mostly Harrison’s Special. Tobacco 
intended for the higher quality markets is flue cured, most of this 
is Virginian : — 

Production of Fluo cured tolacco. 

Million lb. 

riuo cured VirginiA tobacco .. .* *.20 

Hue cured country tobacco »* •* .. .. 3*0 

Total, Guntur dIHrlot .. .. 3S‘G 


The total production of tobacco of all grades in India in 1936 was 
1643 million lb. bnl of this only ahonl 110 million lb. were up to 
export quality, and only about 29 million lb, were in fact exported : 
the United Kingdom took nearly half. The total quantity exported 
has not varied much in tlio larf ten years and of course the values 
arc less than they were, but so far ns the United .Kingdom is concern- 
ed there lias been a shift in the direction of higher quality, so that 
not only are its imports higher but also the values : — 



Tobacco. 

Totnl czporU. 

1 

ToallCountdc^. 

1 

To United ICingdom. 


lb. 

£ 

lb. 

£ 

Averago 3 jvurs, 

I027-2S to 1029-30 .. 

1933-34 to 1036-30 .. 

(tbousonda), 

30,071 

28,078 

Cthouaands). 

856 

070 

(thousinds). 

0,077 

11,400 

(tbonaindaj. 

288 

320 


Both dark tobacco and cigarette tobacco arc exported from India to 
England, the latter in increasing quantities : — 


Imports into tho U. K. 

Uilbon lb. 

1034. 

1036. 

1938. 

Indian dark tobaccos . • * . . . « * 

6 

. 0-4 

0-2 

Xloo cured yiiginin .. ,, .. .. 

4-8 

6-2 

7-6 

Total 

0-8 j 

ll-O' 

13-7 
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The production of good quality tobacco requires a good deal of 
sldll at all stages The crop has to bo well grown, adequately 
manured, carefully harvested, dried and cured in flue bams. A 
cultivator who can produce tobacco well is equal to any type of crop 
production. It is unfortunate tliat the regions of good tobacco pro- 
duction are so restricted, for a leaven of successful tobacco growers 
would go far to raise the level of agrieultural education in the country. 
I was informed by representatives of the fertilizer industry that the 
Guntur tobacco growers have a better appreciation of the proper 
use of fertilizers than almost any other Indian cultivators. The 
Coiuicil has organised a comprehensive scheme of research on the sub- 
ject the results of which cannot fail to be of value. 

These investigations should be done in consultation with the 
buyers’ experts. The principal purdia.^crs are said to be the Indian 
Tobacco leaf Development Company, a subsidiary of Imperial 
Tobacco Co., who are in a position to give information about the 
buyers’ requirements. 
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GHAPT£B 3. 


Factors improving: tbe yields of crops. 

Seven great factors capable of improving tbc yield of crops in 
India are : — 

(1) Better varieties of crops. 

, (2) Better control of pests and diseases. , 

I (3) Better control of water supply for crops. 

; (4) Prevention of soil erosion. 'j 

■ (5) Better use of manures and fertilizers. , 

' (6) Better implements and cultivations. 

(7) Better systems of cropping, in particular better rotations 
and the use of more fodder crops witb the view of 
. obtaming more farmyard manure, 

’ (1) BniTEB vahietibs. 

As already stated, the search for better varieties is being vigor- 
ously and effectively pushed forward. The work has reached a 
stage when persons selected for new appointments in connection 
with it should be expected to have had specialised genetical and ( 7 to- 
logical training in addition to a sound scientific education, but this 
presents no difficulty. A cytological assistant has been appointed 
to the Sugar Cane Station, Coimbatore, and a good case has been 
presented for appointing another at Lyallpur in connection with 
the investigations on the very difficult group of Brassica oilseeds. 
The results of this cytological collaboration should be closely watched 
and if it appears that the work is aided thereby it can be extended to 
other crops. 

The whole of the plant breeding work in India would gain if 
it could be associated with a first class geneticist of sufficient scientific 
distinction to win the respect of the officers in charge of the various 
crops. They are, however, doing their work so weU that no one of 
less tlian the recognised first rank would be of any use. 

lu spite of them merit the new varieties are not as yet in general 
cultivation. It is impossible to say with certainty what proportions 
they occupy of the areas sown, but the figures are greater for the 
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cash crops tlian for the food crops. So far as I have been able to 
obtain them they are as follows : — 

Txauj 15. 


Approximate Proportion of area sown with improved seed. 


Crop, 

Total acreage 
Million acies. 

Acreage under 
improved seed. 
Million acres. 

Percentage, 

Sugar Cano .. 

4-00 

3-22 

80-0 

Jnte 

2-18 

1-12 

60-0 

Wheat 

33-Cl 

6-96 

20-6 

Cotton . , 

26-00 

6-04 

10-2 

Rice 

83-43 

3-68 

4-3 

Ground Nuts 

6-86 

0-22 

3-4 

lOUets 

38-69* 

0-34t 

1 Votoaleulated os 

V figures are in- 

Gram 

16-00 

0-33t 

J complete. 


*lnalading Jnar, Bajra and Ragi only. 

-f-Rot Boparatoly reported by some proTinces. 

Probably the chief reason for the slow adoption of the improved 
varieties is the difiSoulty of obtaining adequate supplies of certified 
seed, which in turn may bo attributed to the lack of an honest and 
effective seed trade to take up the new varieties, to multiply them 
and distribute them to the cultivators at a reasonable price. 

At present this work is left to the Agricultural Departments 
which are already overburdened with duties. Several methods have 
been devised, 6.g., in the United Provinces by Mr. P. B. Richards, 
and in Sind by Mr. W. J. Jenkins : these deserve close attention. 

The Council should at an early date enquire into the methods 
of seed distribution with a view to discovering what improvements 
might be adopted, and it should consider the advisability of setting 
up some central organisation in each Province for the multiplication 
and distribution of seed of approved varieties of crops, sets of sugar 
cane, named vaiielies of fruit trees, etc. 

(2) Contkoij op insect pests and peant diseases. , . 

Insect pests and plant diseases cause serious idssbs to Indian 
agriculture and the trouble is likely to become worse with every 
improvement in transport. If a pest or disease appears on a crop 
in any part of the world it is only a matter of time before it has 
travelled to all other parts where the crop is grown, and although 
quarantine regulations may cause delay they are' rarely effective, 
enough to keep the pest out altogether. 

H3010AR 
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Conditions in sugar cane fields are particularly favourable "to 
insect and fungus life and large numbers of pests are kno-wn to occur 
there : only few are serious, but they do great damage. Among the 
•worst at the present time are the borers, which reduce not only the 
yield but also the percentage of saleable cane and its milling value, 
and the trouble seems to be inercasing. An instructive sursoy of 
the cane delivered to five factories in Bihar{*) sho'ws that 37 to 55 
per cent, of the cane ■was infested in 1937 as against 20 — 30 per 
cent, in 1935. More surveys of this kind arc needed so ns to show 
which pests arc increasing and which, if any, arc decreasing. 

The increase in area under sugar cane is almost certain to bo 
accompanied by an increase in insect and fungus attack and an 
accumulation of the pests, and the problems concerned are more 
serious than those of cultivation nnd manuring, because the 3 ' arc less 
definite and more spasmodic in their incidence. In particular more- 
information is wanted ns to the extent to which rntooning, which 
has obvious economic advantages, is snflicicntly favourable to tho 
oarrj-ing over of pests nnd diseases to cause serious difiicultics later 
on. Also it is important to ascertain the cfTccts on subsequent pest 
and disease attack, of dcstroj'ing the tops, leavas, and trash imme- 
diately the crop is harvested i or of making them into compost, or 
simply leaving them to be disposed of at some later dato. The 
information should be collected by means of surs'cys, the results of 
which should be worked up at the Imperial Research Institute. 

Diseases are, as a rule, best studied by a group of workers keep- 
ing to one crop : c.g., a cotton group ; a .sugar cane group, etc. ; the 
organisation of research -uork on a crop basis adopted by the Council 
is a very sound procedure. Much of tho work, usually tho most 
important part, must bo carried out in tho regions sviiore the diseases 
occur : arrangements for co-operation must alwaj’S exist between the 
Central body and the Provincial Departments and tlic Council should 
alwaj’s be prepared to send, if possible a research oificcr to a station 
where a pest or disease is doing serious damage, both -with the purpose 
of obtaining more information about it and of helping in its control. 
Co-ordinating investigations nnd detailed studies of collcotcd records 
should be carried out by the Imperial Research Institute at Delhi. 

It is verj’ desirable to produce at an early date a handbook giving 
the various diseases of sugar cone nnd describing the mctliods found 
in India and other countries to be cfTcctive against them. 

Three methods for control are in general use — 

(1) Avoiding the trouble altogether by finding resistant 

vorieties of crops ; 

(2) Obviating the attack of the pest by some change in soil 

conations or in methods of cultivation, c,g., by better 

drainage, by earlier or later sowing ; 

(3) Destroying tho insect or fungus by chemical or biological 

means. 


EutliCTtaid^j^a^Co”* Ohemist to Messrs, Bcfg,. 
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The search for resistant varieties is going on vigorously : e.g., 
for rust resistant wheat by Professor Mehta : for varieties of linseed 
resistant to wilt. The method is very useful but not final because 
the resistance of the plant may break down and the insect — ^though 
not as a rule the fungus — ^may change its habits. The usual method 
of selection is to grow varieties side by side and observe which are 
least attacked. Escape from attack, however, does not necessarily 
imply actual resistance : it means only that some other varieties 
are preferred ; it docs not show that the so-called resistant variety 
would escape attack if grown by itself. The search therefore must 
be continuous, and when a “ resistant variety ” comes into cultiva- 
tion selection must still continue in hopes of finding a more resistant 
form. The final stage, immunity, is hardly likely to be reached : 
true immunity is very rare. 

The causes of resistance and immunity are of great scientific 
interest and would form a very suitable theme for the main work of 
a large University Department but they are outside the scope of an 
agricultural ‘experiment station. 

The obviation of insect and fungus attack by changes in methods 
of cultivation or in soil conditions is in some cases very effective. 
A. good instance of work on these lines is at the Toddai Tea Eesearch 
Station where Mr. Andrews has followed in detail the waxing and 
the waning of attack of certain important insects and so discovered 
the conditions favourable and unfavourable to their multiplication. 
Mr. P. B. Richards is attacldng the problem of sugar cane pests in 
the United Provinces in a similar way ; he lays special stress on the 
education of the cultivator to ensure that only suitable soil is chosen 
for the growth of the cane and that proper rotations and good 
agricultural methods are adopted.^ While entomologists cannot 
prevent insect attacks they can estimate the relative, intensities of 
' attack under different con(Rtions and so guide the agriculturist in the 
choice of practical measures for control. 

The destruction of the pest or fungus by chemical means is 
suitable only for fruit or vegetables, but in some instances it is the 
only practicable method, and spraying is being taken up by certain 
groups of cultivators. The making up of the spray mixture always 
presents some difficulty, particularly when poisonous substances are 
used, and the search for vegetable insecticides now being made fay 
the Agricultural Department in Mysore and by the Eorestry Depart- 
ment at Dehra Dun is entirely commendable. I suggest on page 196 
certain modifications of the programme for the purpose of bringing 
the direct biological tests more into prominence, and of ascertaining 
whether the selected plants lose their value on cultivation. It is 
important to have available in India safe effective vegetable insecti- 
cides. 

Biologic^ control 

The insect pests that prey upon crops are themselves preyed 
upon by smaller insects and it has long been realised that these 
parasites might be utilised for keeping them in check. The 
possibility is extremely attractive ; in principle one has only to 
find the parasite, breed it in sufficient numbers and let it loose in the 
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field, when it proceeds to prey upon the pest, reducing it to impotence. 
A vast amount of experimental work has been done on the subject 
by some of the ablest entomologists in the world, and some striking 
successes have been obtained, notably in the Hawaiian islands, by 
introducing the parasites of a pest, but elsewhere there have been 
numerous faUures. 

In St. Kitts the sugar cane borer appears to have been consider- 
ably reduced by the parasite lAxophaga diatraeae, and pests of other 
crops have been successfullj’ controlled in New Zealand, California 
and Cuba. In Canada the larch saw fly and another saw fly 
{Diprion frutetorum), the oriental Peach Moth, and, on the Pacific 
(dope, the Hawthorn Scale (Lecanivtn coryli), all accidentally 
introduced from other countries, have been successfully controlled by 
parasites. 

On the other hand in the United States the Gypsey Moth and 
the European com borer, both introduced pests, remain major pests 
even after years of work and the expenditure of millions of dollars 
on introducing parasites. And in Mauritius the parasites TipJiia 
paralella introduced from Barbadoes, while reducing the intensity of 
attack of the root pest of sugar cane (Phy talus Smiihi), still left it 
a serious problem. 

Generally speaking the successes have been obtained in islands 
or, if on Continents, with introduced pests. I have failed to find 
any good instance of a native pest being satisfactorily controlled 
by an introduced parasite in a Continental region. The problem of 
the sugar cane borer in India falls within this last category : it is an 
indigenous pest of an indigenous crop and India is a Continental 
region. (1) 

Of course this does not mean that no success over will be attained, 
but simply that success cannot be confidently counted upon, and 
the work if begun must be continued over a period of years without 
expecting speedy results ; meanwhile efforts in other directions should 
continue. 

No good direct method of control for borers, however, is known 
and in view of the heuAy loss they cause it is very desirable that an 
expert should visit India and report on the question whether biological 
control should be attempted ; if so, on whet lines, and whether any 
other methods would offer any better chance of success. 

Control of insect and fungus iiests is not simply a matter of 
scientific investigation : it involves difficidt educational and 
admini‘-trativc problems Some degree of eompulsion is neccs&ary ; 
and since there must be speedy and uniform action it is essential 
to have^ some central control in addition to that exercised by the 
Provincial Departments. Pests spread regardless of political 
boundaries and rapid action against them may have to be taken. 

(1) A full .sccount of tlio present position of tlio subject is given in a 
recent book “ The Biological Control of Insects ”, Haney li. Swcotman, 
Comstock, Bub. Co , Itlinca, N, X, 1930. 

Accounts of outstanding successes nro given by T. H. C. Tnjlor, '* Tito 
Biological Control of an Insect in Fiji”, Imp. Inst., Entom., 1937. Also: 
“• Totliill, T n. 0. Tajlor and B 'W. Paine, " The Coconut Moll in Fiji ”, 
Imp. Inst., Entom., 1030. 
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Locusts bred in Baluchistan fly into Sind and Rajputana and breed 
again ; they may fly into the Punjab, United Provinces and Bengal 
and breed, and the hoppers may do great damage. Control in these 
provinces, however, is cumbersome and expensive ; it should if 
possible be effected at an earlier stage. The rust of wheat comes 
from the hills of Nepal and the Nilgiris ; its minute spores blow 
down into the plains where they greatly damage the wheat. But 
control is possible only in the hills. The San Jose scale, a deadly 
foreign pest of fruit trees, got into Kashmir where energetic steps 
should at once have been taken against it : it is now spreading through 
Northern India. These peste often, do more harm in the Province 
to which they pass than in that from which they have come and it 
is of course far more economical to control them before they arrive 
than to wait till they are in. 

Two methods seem suitable for obtaining the technical informa- 
tion needed by the Central Control body ; — 

(1) The Council could continue to make grants as at present 

for studying plant pests and diseases in the Provinces ; 
it could organise teams of specialists for particular 
. crops, e.g., cotton, sugar cane, etc., and it could arrange 

for the Imperial Research Institute to co-ordinate the 
results and to collect information showing whether the 
diseases and pests are increasing or decreasing. When 
. the necessity for general action seemed indicated the 

Council could call together their experts and those of 
the jProvinces concerned to draw up a statement show- 
ing what steps should be taken to limit the damage 
done. 

(2) Alternatively the Council could hand over the study of 

pests and diseases to the Imperial Research Institute, 
leaving that body to keep touch with the Provinces and 
to draw up from time to time statements showing what 
action should be taken in regard to particular pests or 
diseases. 

In view of the circumstances that pests and diseases have to be 
studied in the areas where they occur it seems better to adopt the 
flrst of these alternatives and to keep the technical problems in the 
hands of the Council but using the Research Institute as the agency 
for collecting and collating the information accumulated. 

In any case executive action in regard to pest and disease control 
should be entirely out of the hands of the Council. The Central 
Government should include' it with infectious animal and human 
diseases, as requiring on occasion more general measures on uniform 
lines than is possible fior the Provincial Governments to adopt. 

The advice of llie Council can, however, quite properly be sought 
by the Government as to the mea-sures to be taken. 

" Weed control. ‘ 

Various tveeds are spreading and need serious attention : experi- 
mental work is required in the first instance to discover suitable 
control measures ; and then administrative action to sec that the 
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prescribed methods arc properly carried out. Among the worst 
weeds 1 saw were the water hj’acinth, lantana, Kans grass, and, in 
Mysore, Touch-me-not (Mimosa pudica). 

(3) The better control op water sotpet por the crops. 

The water supply to the crops is of supreme importance in 
Indian agriculture and I recommend that the work in this direction 
should be strengthened. 

Two types of problems are involved : dry farming and irriga- 
tion. 


The dry farming pi-oblems are studied at a group of stations in 
Central India respectively under the Bombay, Hyderabad and Madras 
Governments. The fact that they are all engaged on one co-ordinated 
scheme in spite of the diversity of their forms of administration is a 
striking tribute to the unifying influence of the Council’s activities. 

The work would gain considcrablj’ if a good soil physicist could 
be brought into it and also an engineer, in view of the close associa- 
tion _ of dry farming with soil erosion. The possibility should be 
considered of linking the work of these Stations not only with the 
Poona Agricultural College as at present but also with the Bombay 
Irrigation Research Station, which would mean of course a widening 
of the scope of the latter. The needs arc two fold : better’ ways of 
satisfying the requirements of the present approved dry farming 
methods j and a fresh set of ideas on the subject. The workers at 
present are rather isolated, and if they could form part of a larger 
group their chances of finding new methods and ideas would be 
increased. 


An All-India Irrigation Research Station. 


The development of irrigation is one of the most remarkable 
features of modem India. Three sources of water are used : — 


(1) canals from the great rivers — either snow fed rivers, or 
rain fed, and therefore requiring storage arrange- 
ments ; 


(2) wells from the underground supplies in the plains j 

(3) tanks filled by rain or streams trained down into them. 

The area now irrigated is very large. Out of 227 million acres 
sown in British India in 1934-35, 50.5 million were irrigated ; 

million acres) from canals, and one quarter 
(12.5 million acres) from wells ; further schemes are being dis- 
cussed. A strildng development is the combination of irrigation 
works with the generation of electricity which promises to effect 
marked clianges in the life of the larger villages and smaller 
town.(^) 


tnbo well selicme iinaer the saporvlsion of Bir Waiiatn 
ommplo of a well planned effort to combine water snpplj 
wun elcetncily and witi eueh amenities ns bathing and wnsbinj: faciUties. 
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The supplying o£ 'water to the cultivator is the business of the 
irrigation engineer, and is usually well done in India. Two of the 
large provinces where irrigation is important, the Punjab and 
Bombay, (^) have Besearch organisations and other provinces have 
Keseareh Officers who, however, are not infrequently charged with 
other duties also. 

But the supplying of the water is only a part of the problem. 
A mucli more difficult matter is to use it advantageously so as to 
ensure permanent benefit to the district, and repayment of the heavy 
eapital costs. When a great dam or barrage has been opened with 
mucli ceremony and flourish of trumpets it must always be 
remembered that the problems still remaining are greater than those 
already 'overcome because they are more continuous, more subtle, and 
much less under the control of the experimenter. 

Three great groups of agricultural problems arise. 

(1) Selection or if necessary production of new varieties of 
crops suited to the new conditions. New selections and hybrids are 
produced in many parts of India and interchange should be freely 
arranged between the various staffis concerned. The final selection 
must necessarily be made in the region where tlie crop is to be grown. 

(2) The designing of new cropping schemes. Usually the water 
aupply is not entirely continuous but more is available at some seasons 
than at others. The cropping has to be so arranged that the best 
use can be made of the water and of the man and bullock labour 
available. Much more attention should be paid to this troublesome 
problem of arranging a sequence of crops at once profitable to the 
grower and permitting the best use to be made of the water. The 
potential improvement is shown by the fact that even now some 
onltivators succeed in maldng the water go much further than 
others ; some of the Punjab sequences are admirable ; while some of 
the larger cultivators .have worked out methods that deserve detailed 
study and trial elsewhere. 

In canal irrigation the water must be taken when it is given 
and the cropping scheme adjusted to the supply available. In 
planning a new canal irrigation project, therefore, the proposed 
cropping scheme should be as fully and as carefully considered as the 
engineering details. 

Where the water is supplied from tube wells greater control of 
the supply on the indmdual farms is possible, and therefore greater 
flembilily in the cropping scheme. Another set of problems then 
arises : the best times to supply the water to each crop and the 
•optimum quantities to give. 

These problems are fairly straightforward and present no specihl 
peculiarity. 

The soil problems, however, are much more difficult, especially 
in regions of canal irrigation. Waterlogging and neutral salts can 
be dealt with, though the treatment may be very costly, but behind 
every large irrigation scheme there lurks the spectre of the alkali 

(1) Irrigation is eMails by canals in the Pnn^ab and from tanks in Bombay. 
ITbo Bombay schemes nro largely concomed with prevention of fomino. 
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problem, for i\hich in its final staces no economic solution lias yet 
been found. Well designed experiments would no doubt suggest 
methods of dealing with the incipient stages when action is possible, 
and these should certainly be undertaken as early as possible. Constant 
wnteh should also be maintained to ascertain whether the salted and 
waterlogged areas arc increasing or decreasing. Photographic aerial 
surieys would probably be the speediest and most effective means of 
doing this 

It may be laid down as an absolute rule that no irrigation scheme 
should ever be carried out until a proper soil survey of the region 
has been made. Areas containing salt or liable to serious water- 
logging should only be brought into the scheme after consideration. 
This may necessitate a survey of the floor of the region, as described 
on page 128. A good preliminary survey reduces the risk of 
trouble to a minimum : but it is always there and on some of the 
existing schemes it is considerable. 

All the various problems concerned are being studied at some 
or other of the research Institutions, but the work is scattered, it is 
uneven in quality and in scale, and it lacks unified direction. _ I 
strongly recommend the establishment of a Central Irrigation 
Bescarch Station to undertake inx'estigations eCu all agricultural 
problems associated with irrigation, and_ to supervise or be closely 
linked up with other irrigation investigations supported by the 
Council. The Station must be situated in the heart of a large 
irrigated area ; the Punjab or Sind are obvious possibilities, probably 
the Punjab would be better as it could there be elosely associated with 
the existing Institution at Lahore and with the college at Lyallpur. 

But I cannot too stronglj' emphasise the difficulty of the work 
and the necessity for choosing the staff solely on the ground of their 
ability to do it. Suitable men are extremely scarce, and any 
restriction on the choice is likely to prove fatal to the scheme. 

The Lahore Institute would remain as at present the centre for 
engineering research. It is so well staffed that it could probably 
widen its scope and undertake research on the surfacing of earth 
roads in rural districts, a subject which is not so remote from its 
present work as might at first sight appear. I suggest that the 
Council consider the advisability of discussing this possibility with 
the Irrigation Department. 

(4) PanvENTioN or boil nnosiON. 

In natural couditions the soil is usually covered witli a growth 
of vegetation which protects it against the disintegrating effects of 
wind and rain and so enables it to remain permanently in position. 
In general the higher the rainfall the denser the cover, and in wet 
regions where forest or grassland develops well the protection is very 
effective. 

As soon, howei’er, ns the protecting cover is removed the soil is 
liable to he carried away by wind or by water— usually in Tn^in by 
water — and damage is caused in three distinct ways : 

\1) the removal of the soil makes the affected area useless and 
it may lead to the scooping out of great ravines ; 
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(2) tlio soil that is washed away may injure the land on which 

it is deposited, or it may silt up eanals and rivers, and 
BO lead to the washing away of river banks or even to 
floods ; 

(3) while the vegetation cover is intact the rain water soaks 

in, accumulating as underground stores or breaking out 
in springs and steadily flowng streams. With the 
removal of the vegetation cover it is no longer able to 
do this and instead runs off as flood water. The stores 
of underground water are therefore no longer 
'replenished ; wells, springs and little streams may all 
run dry. Floods take their place. 

The removal of the vegetation cover usually results from an 
increase in numbers of human beings or of animals. Erosion is 
particularly liable to happen on sloping ground either in moderately 
wet or in dry regioms. The usual causes of removal are : — 

(1) Deforestation. 

(2) Heavy grazing. 

(3) Seasonal concentration of migrant floclcs on the alpine 

migration routes. 

(4) Ploughing or clean cultivation of sloping land. 

(5) Fire, as in jhuming. 

The forest officers are so thoroughly familiar with the dangers 
of deforestation that they are not likely to allow improper cutting 
of timber where they have authority to stop it. Uncontrolled grazing, 
however, is a much more serious matter because the mischief is not 
at first obvioiis : it may become a grave danger and wider powers 
of control should he given to the officers in the interests of the vfllagers 
themselves. (^) Goats are in general regarded as the most destructive 
of all animals, raining vegetation and soil alilcc, but buffaloes and 
cattle may he as had or worse, especially in damaging trees. Beta' 
tional grazing can be so managed as to provide at least as much fodder 
as unrestricted grazing, without deterioration of herbage or erosion 
of soil. 

Cultivating uii and down the slope of a hill, or setting the lines 
of crops, e,g,, potatoes in this direction, renders the soil liable to very 
serious erosion. So also does the clean cultivation of tea or coffee 
plantations on sloping ground. Green cover crops aro, from this 
point of view, much better ; they can be dug in for manure and so 
help the bushes to grow till they themselves cover the ground. 

dimming as practised in Assam is liable to lead to erosion, and 
experiments could usefully be undertaken to reduce the rislc. 

Erosion is not confined to regions of high rainfall : it occurs 
also in dry regions. The rainfall when it comes is apt to be torrential 
and the protecting cover is only light so that once erosion begins it 
may become serious. 

( 1 ) Sir O. G. Troror roporte that in the Etawnh region eo good a pgasa cover 
dovolopod after closing to grazing that erosion ontiroly oeased. Many other 
instances are on record. 
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Both in wet and in di"y regions the remedy for erosion is based 
on the same principle ; the reduction of the velocity and the amount 
of water running off the surface. The crucial area is at the top of 
the slope : if water can collect hero and start running down it is very 
difficult to check. Several methods can be adopted ; — 

(1) Afforestation of the top slopes ; one of the surest methods 

where this is practicable. 

(2) Putting the upper slopes into grass, or, if cropping is 

necessary, alternate grass and arable strips. This device 
has also scr\ed to prevent sheet or wind erosion. The 
grass affords effective protection provided excessive 
grazing is prohibited. 

(3) Ploughing along the contour lines instead of across them. 

(4) Bunding or terracing. 

Bunding is in practice tlie most usual way of overcoming the 
difficulty and it has the advantage not merely of protecting the land 
against erosion but also of increasing the water supply to the crop. 

Much bunding is already done in the erosion areos but a good 
deal more is necessary. In the United Provinces the construction of 
bunds is a regular famine relief measure ; it is indeed almost ideal for 
this purpose, being a capital improvement of great and permanent 
value. 

In dry regions the tendency is for the peasants to put the bund 
up only at the bottom of the slope, but this is insufficient ; small 
bunds should be set up at suitable and not too great distances ; in 
the North Central division of the Bombay Presidency this has been 
done by means of a tractor. For bunding, and more particularlj' 
for the construction of large embankments, the Bombay Agricultural 
Department has given advice and the Ecvenue Department has 
advanced money at moderate rates of interest in the Southern district 
since 1921, (») 

Cases are, however, recorded where bunding has done harm by 
causing the water to stand too long on the soil. Ilere some additional 
measure, such as contour ploughing, seems needed. 

So far ns funds have allowed, the Forestry Department has for 
many years been setting up embankments in the ravines witliin their 
control in the foothills of the Punjab so as to collect the silt and 
make approximately level surfaces on which trees can be planted. 
Large areas have been closed to grazing and left undisturbed in grass 
and some of them give revenue of as much as 16 annas per acre for 
grass cutting compared with 1^ annas per acre for grazing. These 
reclaimed areas absorb much of the rain water falling on them and 
so reduce greatly the violence of the floods. This of course greatly 
benefits the plains, for the canals are no longer so badly silted up 
and the rivers no longer erode the fields on their banks. 

Only about one-tenth of the foothill region of the Punjab, how- 
ever, is under control of the Forestry Department. On this a 
vegetation eover is maintained, but the rest is partly under some 


(1) An account of the Bombay work on tbo subject is Rivon in a Boport 
to tho Crop and Soil Wing of the Board of Agricuitaro in 1935, p. 259, 
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form of cultivation and partly used as hUl grazing^. No Glovemment 
Department exercises much control, and mismanagement is common. 

In dealing with soil erosion the need is for more action rather than 
more research. In spite of numerous and protracted investigations 
by competent workers in the United States and elsewhere it has not 
been found possible to discover anything more than very general 
relationships between erodability of soil and chemical or physical 
composition. The environmental factors are extremely important as 
also are the ways in which the soil constituents are built up into 
crumbs and the distribution of root ressidues in the soil. I see no 
point in spending time and money on approaching the subject from 
the laboratory end ; the problem is in tlie field and there it should be 
worked out. 

The measurements of the amount of soil lost by erosion in India 
are only few and very variable : they range feom 1 ton to 115 tons 
per acre, depending on the amount of cover and other conditions. 

Protection against erosion should be a State responsibility and 
not left entirely to the individual. The cultivators in the critical 
positions may be unable or unwilling to spend money on the neces- 
sary protective works. In all Provinces where erosion is likely to 
occur an Erosion Conference should be held annually at which 
forestry, animal husbandry, and soil experts should meet the agricul- 
tural ^affs and, after receiving from them reports on the districts 
where erosion is liable to occur, should discuss with them modes of 
checking or remedying it, dealing with each erosion area as a whole. 
The Minister should then have the power to carry out the recom- 
mendations, levying a rate on all land thus protected. The Tennessee 
Valley Authority in the United States is an example of the .way in 
which a statutory bod,v of this kind functions. It is achieving results 
hitherto regarded ns impossible. • 

(5) Better use op manures and fertilizers. 

Every writer on Indian agriculture has commented on the waste- 
ful practice of making manure into cakes and burning it, but it goes 
on unabated for the simple reason that no other equally useful fuel 
is available : the manure cakes need no cutting up, like wood ; and 
they bimn slowly. The only way of stopping the practice is to pro- 
vide an alternative supply of fuel. 

The rapid and almost complete change from the old village- 
made lamp to the machine-produced hurricane or bracket oil lamp 
raises the question whether oil stoves are ever likel.v to come into 
such gener^ use for cooldng in the villages as they have in the 
towns. We may best leave this to the future : in the meantime the 
most hopeful method is to plant quick growing trees near the village, 
prcferabls’- on the side from which shelter would be an advantage as 
protection against discomfort or soil erosion. 

Castor and neem cakes are also much used as manure especially 
for sugar cane and this is justified since they are unsuitable for feed- 
ing to live stock. 

H30ICAB 
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CorapostirR of waste inatei«als i*? now a recognised part of tiic 
activity both of the evpeiiment stations and of the village improve- 
ment associations, and ne may evpect some addition to the mamirial 
resources of the country as a result I co'.ild find little direct 
evidence as to the fertiliser valne of compost as compared with oil 
cdccb or artificial fertilizers-, but from the low content of Indian soils 
in nitrogen and organic carbon, averaging about 0.05 and 0 6 per 
cent, respeetii ely — about one-third the values in arable soils in 
England — it is inferred that org.uiic manures are greatly needed. In 
any ease, however, eompotting is to be encouraged in the villages on 
sanitary grounds even apart from any fertilizer value. 

Green manuring is included in the schemes at several of the 
stations and should be tried wherever paddy is grown. 

Until about ten years ago there was little sj’stematic experimental 
worl: on artificial fertilizers, the relatively .small amounts used being 
ta’ten almost entirely by tea growers Prom 1026 onwards, however, 
the large fertilizer organisations dealing with India have attempted 
with --omc promise of success to deselop the use of fertilizers for 
general agriculture ; the South, I am informed, is more “ fertilizer 
minded ’ ’ than the North. 


The results given by fertilizers depend almost entirely on the 
water supply In regions of preenrioiis rainfall or inadequate iiriga- 
lion. artificial fertilizers usually fail and organic manures are erratic 
in iheir action. tViUi good moisture supply artificial fertilizers are 
moie effective. Nitrogenous fertilizers usually give the largest 
returns. In .some of the experiments one maund of sulphate of 
ammonia in addition to the normal light manuring gave Uie follow- 
ing additional mounds of produce : — 

€5 sugar cane 1 tea. 


5 sugar. 

15 potatoes. 

1.2 leaf tobacco 


4.5 paddy. 

3 wheat 
1 C seed cotton 


Concentrated organic manures, oilcakes, fish manures, hoof meal 
also gaie good returns. Phosuhatie fertilizers (superphosphate) 
nsually acted well especially in the eryitnlline tracts of Peninsular 
•nda, hut oiilv when in combination with nitrogenous fertilizer. 
Cotassic fertilizers are effective for certain special crops such as 
tobacco. 


Little is known as to the most suitable time of application of the 
fertilizer : at the time of planting appears to be best except for 
sugar cane for which two instalments are given. Little information 
is a^ail.ible about the pronortions of nitrogen, phosphorus and 
potas.s_ium required for diflerent soils and crops or the proportions 
in whieli organic manure should he used. 

Speaking generallv the fertilizer and manurial trials at the 
experiment stations need to ho more systema'^ic so as to show the 
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relative value of different forms ot nitrogen and of different dressings 
per acre. Tliey should not, howver, be confined to the station but 
some simplified form should be tried ns widely as practicable on 
eultivalois fields and llie ehemist shoald receive so’Dplcs of the soils 
so that lie may sec if any relation exists between the field results and 
tile daia given by the recognised methods of soil analysis. It would 
be of consideralile advantage if this work could he done in association 
with the largo forlilizcr organisations who have already collected con- 
siderable infer niatioii on the subject and who have a wide experience 
of the tj’pes of experiment possible. 

Some provinces, c.r;., Madras have already effected a certain 
degree of co-operation. 

(6) Better impeemem'J’s vnd cui/tivation. 

Considerable efforts have been made in recent years to improve 
the implements, bnt there is scope for iiiueh more work on this subject 
especially on the dex'elopmcntnl side, 'flic new impleincnls arc not 
always more effective tliaii the old when tliese arc worked in the best 
way possible, bnt tlio.y are lighter, requiie less labour of man and of 
bulloclrs. and they do their work more rapidly. It is difficult to 
over estimate the value of these advantages. JilcDUoniy of bullock 
power means that the large cultivator need not possess so many 
bullocks and so can better teed his niileh catle } and speed of work 
means that operations can bo done jnsl ■^^llen neccssaiw, and when 
therefore they arc most beneficial. This more rapid cultivation 
would be of ads'untage in keeping down weeds and in improving the 
moisture supply in dry regions. 

Numerous experiments • have been mode in the technique of 
demonstratinc the value of the new implements : references to some of 
these arc made in Part II. 

So far the now ploughs seem to have been taken up more rapidly 
than nnytliing else. I saw various improved water lifts demonstrated 
I)ut not in ordinary use. The greatest (ask of all, however, is the 
improvement of the hulloek cart, at jiretent a cause of strain on the 
road, the bnlloek and the other travellers. Ball bearings and 
subsidijicd rubber tyros .are being tried, but llic problem may bo much 
diminisbed by the development of motor transport. 

Co-operative societies where they function arc probably the best 
means of spreading improved implements, 

(7) Better systems or croppino. 

These arc discussed in Part II. 

T was mucli impre'-sed by some of the good sequences ot crops 
in the Punjab and the United Provinces ; experience generally is in 
favour of rotations rather than single crojiping. Eicc Ts of course 
the great diffieuUy ; alternative crops and sequences arc casfer to 
arrange on light than on heavy soils, cspreially tliose liable to be 
flooded. 

H30ICAR v2 
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CHAPTER i. 

Special difficulties confronting Indian agriculture. 

(1) The absence op an educated cXiAss raoii the village. 

As compared with other countries India suffers specially great 
difficulties in the speeding up of agricultural improvements : 
illiteracy : debt ; the inertia tliat comes of malnutrition and 
illhealth : the esce-ssive numbers of livestock : the efforts of social 
customs (using the. term in its widest sense) and of social structure 
and the fact that there are something of the order of 700,000 villages ; 
and it cannot be expected that these difficulties will easily be 
overcome. 

Perhaps the most serious of all the difficulties confronting 
Indian agriculture is the lack of an agricultural aristocracy and of 
an educated agrienltni-al middle class Many of the great ad\'ancoj> 
in Westem agriculture are due to men of this type : highly com- 
petent agriculturists, rooted in the soil, with a thorough Imowledge 
of crops and livestock and a shrewd idea of how to get the most out 
of their land. It is quite certain tliat without them the West would 
have been in a far poorer position than it now holds. In Great 
Britain an improvement effected in the experiment stations can be at 
once put out into practice ; some large farmer is prepared to try it 
at his o^vn expense as soon ns he is satisfied as to its value, and be 
almost invariably finds some simpler or better way of using it. 
But these good farmers also thenmelves devise improvements, which 
are sometimes better than those of the experiment stations. Indeed 
the experiment stations think themselves fortunate if they can 
obtain yields as good as those of the best farmers, and their best 
hopes of success are to overcome some special difficulty or to develop 
alternative methods of acliievJng some desired end. The staffs of 
the experiment stations are compelled to keep in touch with practical 
men or they would find themselves outclassed in the struggle for 
agricultural improvement 

The existence of these educated class gh’es a social attractive- 
ness to life in the countiy. 

Unfortmiately India has nothing corresponding ■with this 
educated class The landowners arc largely to'wn dwellers and many 
of those who reside in the village are not themselves farming on any 
important scale. There are of course exceptions : T met some enter- 
prising^ large farmers (^) and energetic ZemindaiB who were 
practising agriculture w«II and serving ns models for the surround- 
ing cultivators Men of this kind deserve commendation and recog- 
nition and efforts should he made to increase their number. 

Equally important is the need for increasing the number of 
educated farmers Tt is unfortunate that the colleges have been 
able to do so little in this direction. Perhaps the greatest difference 

• ■ktIIi •” t*>e iirigntca regions of Bind and the Punjab and also 

in Ncmh Bihar : a number of thee aro Enropem. The ton and coffee nlantors 
ure of eonroe in a dincrant categorT; * 
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between the agriculturnl colleges in India and those of the West is 
that most of the westcni students go back to the land to do practical 
farming while the Indian agricultural graduates seek some non- 
praetical post, where their Inilueucc on practical farming is very 
small, old IliiTdii proverb states that agncultxire is the best life 
and sei'vice the worst : the modern tendency is to reverse this and to 
rank Government seivice as the be^t life and agiicullure as the 
worst. Tin's explains the relatively small effects exerted by the 
Indian colleges on the cultivator’s practice. Until good students 
from tlie agricultural colleges settle on the land as farmers the 
Colleges cannot be expected to exert mueli influence on village life. 
At each cexitre 1 visited I enquired how many College students 
•wei'e farming : occasionally figures were given to me and T enquired 
for names and addresses, so that T might write fiw information, hut 
my letters were mostly either I’ctuimed or unanswered, and in all 
my journeys 1 mel only two or three college trained fanners. Per 
contra, the few young Zemindars whom I found taking pains with 
their farming had in general not been to an Agricultural College. 

Yet the College trained farmer should be a great asset in a 
district : indeed one of them told me that ns a non-official he had 
special advantages in introducing better varieties of seeds, green 
manure crops, proper rotation, manxiring, more economical utiliza- 
tion of water, fruit culture, beekeeping, and co-operative marketing, 
lie had succeeded with his farming and dasired to extend the area 
of his land, but met with the difficulty that only common grazing 
land was available and the villager.s objected to giring tliis up. It is 
passible that my experience w-as exceptional. The subject is, how- 
ever, so impoi-tant that an enquiry should be made as to why so few 
t^icultural students settle on the land, and to suggest wmys of 
increasing the numbers. 

Lack of facilities is undoubtedly one reason and indeed I was 
informed that in Oiidh some of the large landoxrners xvho are pre- 
pared to employ graduates as farm managers have no difficulty in 
obtaining them. But this outlet is insufficient to solve the problem. 

Several experiments in land settlement are being tried. _ An 
“ Auxiliary Farm ” has been .‘'et up at Dadn in Sind for agricul- 
tural students who wish to take up practical farming : two men are 
given a holding of 33 acres for two years : they must themselves do 
the cultivation under the Ixxition of the staff. At the end of that 
time, however, they must find other land. 

In Bombay a seheme is in operation under the For^tiy Depart- 
ment whereby a cultivator is allotted land for a definite period of 
years on condition that he plants it with tree,5, and. at the end of his 
period, quits the holding. This se.heme is applied to the poor land- 
less classes but it seems possible that something on similar lines but 
of longer period might he set up for agriculturnl students. 

While the settling of individual trained men in villages would 
be of advantage to the villagers it might be very dull for the men 
themselves owing to the lack of social life. An experiment made in 
the Punjab deserves special mention because it avoids this difficulty : 
it consists in settling literate young men in newly created villages. 
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It began in 1927 nlien the late Sir Fazl-i-nu«!ain retnmcd from a 
visit to Sttit/erlanfl and Pi unco much iinprcssrd by the high standard 
of living on Iho small farms tlieie ; and feeling tli.it village life in 
the Punjab offered no attraelinn to an educated” s’oniig ilian, he pro- 
posed to establish two model villaires in tlic canal colony for educated 
young men prepared to live there, to cultivate llie land themselves 
and to set better standards of fanning and ot living. This nas done. 
Each village liad 22 scttleis seleetcd b.v the colleges — 20 from the 
Lahore Ait Colleges, 2 Irom Lyallpur Agricultural College, and each 
settler was to have two squ-ares oC laud (55J acres). Rights of 
occupancy -were granted after 5 years provided all conditions were 
fulfilled, hut no proprietors- risrhts. One square (27.8 acres) was 
reserved for the village site, and 3 squares to provide a common 
income for the village. 

In 1935 the Government extended the scheme to another 60 
settlers, 18 ordinary and 42 agricultural graduates. 28 retrenched 
agricultural assistants liave also been settled. 

As an inducement to better farming 2 half rectangles (12J 
acres) are granted to the two cultivators W'ho in the opinion of the 
Agricultural Department dcsene it best : each one holds his 
rectangle for 3 s'ears. 

I had the privilege of discussing these schemes with Ilis Excel- 
lency Sir II. W. Enu-rson, Governor of the Punjab, who infoimed 
me that Ihoy are worldng well, and it seems desirable to extend 
them. 


Kone of tlicse schemes is more than a small scale preliminary 
trial : yet if one of them .succeeded in its object there tvould be 
possilnlities of considerable development. Probably the best chance 
of success would ho in the direction, of specialised farming such as 
dairying, fruit growing, etc. 

(2) The nunoEN op debt ; the B.vxtA. 

. Id inany of the villages that I visited where rural uplift was 
being done I was Eho^v^^ balance sheets purporting to represent the 
income and expenilitiirc of various selected families. Almost in- 
variably tlierc wa.s a deficit wliicli I was informed was made up by 
borrowing from the bania and this process lias been going on for 
many 3 -ears. The Central Ranking Enquiry Committee of 1930 
indel)tedne.ss of India at roughly 900 crores 
(roughly £C<j,000,000) and the Reserve Bank considers that the 
figure has increased .since then. Whether the debt can ever be repaid 
is a question that lies outside my province, : I am concerned only 
with the effects on agiicultural output. 

himion Iceely stated that the cultivator feels so depressed by his 

mmmrns"!. to bestir himseit to aaopt new 

msuious as Jie wm gam i,o auvduwge tucretrom. Tuere may bo 

Eouie. ling in this . on tlie other hand the baiiiii would in his ow-n 

as ® ‘“"‘1 « “dde to yield its utmost so 

preserving Ins capital and the continuity of interest 
P 3 u . The bauia could he, anJ in some da>trict8 is, a potent 
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factor ill the introduction of seed of new varieties. In the Reserve 
liunk Report lor 19^0 ue is dPicribed as playing an important and 
indispcnsiblc part lu the economy of the countryside, and the only 
agency lor supplying the credit necc.s'-ary tor farm/production, co- 
operativo sociotic'. liaiing failed to do this. If he could be enlisted 
ui the CJ 1 U 5 .C of agricultural improvement he might be able to 
expedite matters. 

(.3) Tun SLOW imoonias or Tiin co-orai-vinx movement. 

In view of the enormous success of co-operation in improving 
idJlage lile in the nc.>-t. hopes weie naturally entertained that 
similar rc.sults would follow in India and accordingly great efforts 
have been made to introduce it. Unlortunatcly it has not in general 
succeeded. It usually took the form of credit soe'eties. financed 
from a ecnlral liaiik, and while these societies had no difficulty in 
lending tlic money, they were generally unable lo get it back again 
Jfonej that should have been restricted to sliorl term credit for pro- 
ductive purposes w.n.s used for long term and non-productive pur- 
poses and so became immohili.'-ed. A largo part of it will probably 
have to be nrhten off a.s irreeoi erable. Rome non-credit societies 
were formed, but these attracted less interest and usually had but 
little success. 

Tel it is no fault of the system ; tbc eonditious were not quite 
suitable. The outstanding instance of Miecess in co-operntion is 
Denmark, a land of small farmers ; and it has given them a standard 
of living that is- the ensY of the civilised world. Pour essential con- 
dilionc of Micce.«s arc all present in Denmark s — 

(] 1 The village population is homogeneous : there is nothing 
corre'-ponding with the caste distinctions 5 

(2) Tlie ciil(ivntor.s are all literate ; 

(31 Prom the outset People’s High Rehnols wore set up where 
the cultivators were f.iught heller living, both in the 
home and the village, and where ideas of coniornte 
responsibility in village and national life were incul- 
cated. 

(4' The Co-Operative Soeietie.s are mostly trading societies, 
l.nk'ng over the prmlnce from tlie cultivator, working 
it up into marketable form and selling it for him. Also 
fliev supply him with all materinl.s for use in Ibo borne 
and on tbc farm. 'Tliey are mainly financed by the 
local savings instPntcs and banks, and tbc memberti 
ore ’oinlly and severalh’ liable for tbc loan. In tboir 
c-opaeily of depositors at the local savings bank the 
members of the Co-operative Sooictics themselves 
provhlo a subetnntjsl part of the funds ; it is Ibetj- own 
moiiev <hot io limt to member.s. and in consequenee each 
borrower feels himself under the necessity of repay- 
ment. 

Ibifortunately none of these conditions is satisded in India and 
so long ns this is so the Co-operative movemenl is \uider great 



difliciilties Sometbiug lias, however, been achieved and the case 
is by no means hopeless. A certain measure of success has been 
obtained in the Pnnaab as a result of strict official supervision and 
in the ilorabay Presidency where a number of public spirited busi- 
ness men took an interest in the Societies and saw that they were 
kept on sound lines. The Bombay Provincial Co-operative Bank is 
under the guidance of Sir Chnnilal V. Jlcbta ant Mr. V. L. Mehta, 
and sonic of the non-oredit societies have succeeded, notably the 
Cotton b.ile’j Societies. I nas informed also that the Visva-Bharati 
Societies are working satisfactorily ; here the leadership is from 
Sriniketan So far as one can sec tliere is still some chance for the 
co-operative movement provided strong external management is 
available and the credit aetmties can be associated with a thrift 
movement, the village savings going in to the society. Probably 
these conditions are only rarely obtainable (*), and excepting where, 
as in Boribay and the Pun.iab, a firm business directorate takes 
control, It seems unlikely that much can be expeeted from co-opera- 
tive enterprises. 

(4 ) The fraomi-ntation and scatttrtno op holdinos. 

Another verj- serious weakness in Indian agriculture is the 
fragmentation and scattering of holdings The laws of inlicritanee 
lead to numerous ownerships and thus tend to make the holdings 
small, and custom scatters tliem over a ■uidc range so that a cultivator 
may lose considerable lime in going from one of bis plots to another. 
Consolidation of the scattered holdings into one piece is extremdy 
desirable, but the diffioultias are very great. The problem is not 
peenliar in India t other countries have had to solve it but it has 
never been ca-g-. In England consolidation was effected in the 17th 
and 18th centuries but only after serious trouble. In Poland it is 
being brought about now but ivith much objection from tlie peasantry. 
But it has to be done. Some officers appear to be more successful 
than otbere in persuading the cultivators to agree to exchange of 
land • men like this should be kept at the work and not transferred 
to other duties 

Special mention must be mode of the good work being done 
by the Punjab Co-operative Land Consolidation Societies. 

"Where consolidation of holdings cannot be achieved it may be 
possible to carry out the next best improvement and consolidate the 
cropping, straightening also the boundaries. This has been done 
^1*9 tube well irrigation districts of the United Provinces (Meerut 
Uivision) and cropping has been greatly facilitated in conseqnence. 

The fragmentation of holdings, however, is a more deep-seated 
matter and may be incapable of remedy. Tet unless some solution 
i** found the rate of progress must be extremely slow. 


, good disenssion of the position of Co-oporation in India is contained 

1936 ' Beserve Bank of India, Agricnllnral Credit Deportment, 
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Su'(iinji'udaiion . — In the preinancntly settled districts another 
difficulty arises. The tenant does not hold hi.s laud direct from the 
landlord who pays revenue to the Government ; in between these 
may he a long chain of intermediate holders, each of whom takes a 
little profit as his ,share.(^) It is not easy to estimate the elfeots 
on agrieulnire of a series of rent reeeivens who feel no responsibility 
either to the huid or the tenant. 

(51 TUE lAC-R OK TrCllKICAIi CTUCATIOS FOIl THE C1IILMU:N ANU YOUNG 

PE01*EE. 

The school gtirden is ttulel) recognised as the host way of 
imparting teehnienl knowledge to young people in the villages. A 
school without a garden is verj' apt to Ijceonic an agency for taking 
young people out of the s’illagc.s : with a garden it becomes a means 
of helping them to improve their life there. A few scliools have 
gardens and at the Lynllpiir College I .saw a group of rural teachers 
working m the College garden with a view to introducing new 
material into tlieir onn courses. But in the main the schools arc 
■udlhout gardens and if should he part of the rural uplift movement 
to establish one wherever this may he possilfie. 

(G) Tnr IjACk or simstnuKv iNnusTims. 

The cultivator frccpiently cannot mnintnin himself and liif 
family on the proeoecLs of his fanning. lie innst either borrow or 
take on other worh. During long periods of tlie year lie has ampU 
time for this, his fanning l/ihouns being very unevenly dhstrihuted 
over the difiTerenl months. In .some place; he may be able to cam 
money by cariing, but ihi.s is bound to become more piecnrious ns 
motor transport develop-s. (tasunl labour on the roads or in towns 
i.s a].so possible iuit a nuieh better wa* if it <*ould be developed wotild 
bo the development of subsidiary industries in tbc village. Tim 
gi‘cat difficulty i.s the marketing of the produce and 1 confess I see 
no way of overenming this ; outside of the village it.seif tlio demand 
for village-mode things is largely scntimcutal. Agencies that make 
nn appeal deeper than that of the salesman, .such as the Visva- 
Blinrnti or Dy.sl Unsrh. are able to keep their groups going, but in 
the ni'dinary wav of business village industries cannot easily stand 
up against inn«s umduclion. The .solution of the problem is really in 
the hands of the women of India, for if they insisted on purchasing 
vilinge-made art ieles the wiiolc difficulty would disappear. The 
■Women ’« Council of Bo>nbny have, T tmderstand. adopted this line 
of notion. 

There is, however, an importoiif exception. The hand-loom 
industry is widespread and vigorous and appears to he extending, 
Ihongli not (w rapidly as the power loom industry of the mills. Both 


(1) For n remarlmhlf example, rco the rinnl Hoport on tho Survey and 
Settlement Operation In the Bnkerganj district, 3005—1908, Tn this district 
there arc normally 8 and somotlmcn'as many ns SO intormodiato holders. 
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home and esport trades seem to be ■well organised. The figures 


are . — 

Hindlooms Mills 

Millions of j ards(*) Millions of j nnis 
Cotton cloth. Picto goods. 

1030- 31 . _ .. .. .. .. 1.300 2,S01 

1031- 32 .. .. .. .. .. 1,600 2,000 

1032- 33 . .. .. .. .. 1,700 3,170 

1033- 31 . .. .. .. .. MIO 2,045 

1034- 36 . .. .. .. .. 1,400 3,307 

1035- 36 . .. .. .. .. 1,840 (pros isionnl) 3,607 (proviBionnlJ 


Another t'illage industry, though much more localised is lac : this 
also is said to be well organised. 

Poultiy keepinc is a piomising way of supplementing the 
earnings from the holding. T heard good accounts oi the work done 
by Mr. A 13. Slater, ot the Mi&sion Poultry Faim. Etah. U. P., ivho 
informed me that inlciest in poultry keeping is glowing ; the demand 
for good poultry is increasing, and more Ilindub are eating eggs than 
foimevly. Kc thinlts there arc good pi*o“pectt. of succcbb lor poultry 
in tlio villages of the Tinilod Provinces. The success of poultry 
keeping turns on the in.nrketing where transport facilities exist or 
could be eroated there would be the possibility of setting up of col- 
lecting stations such as the one organised by Dr. Ilateh at 
Martandam, Travanoore. 

Beekeeping also offers possibilities ivhieh. however, arc probably 
somewhat limited. It nptiears to be more promising in the hills than 
in the plains : e g., in the submontane region south of the Himalayas 
running from Assam to the northwest frontier : also in the Nilgiris 
It generally goe.s well with fruit culture Several of the Provincial 
Eatamologi.sts and others are studying bees 

(7) Tnc latcK oi- XiEAdersiiip in TnE vhuiAges 

ilany of these difBcuhies would antom.3tioa]ly disappear if tliere 
w-ere effective leadership in the village ; one sees fewer signs of them 
in those villages — ^unforlunateiy few in number — ^where the chief 
owner is also resident and actively interested in the development of 
the place. Mr. Darling quotes Sir Daniel Hamilton in the 
Sunderbans as an example of a landlord who organises for his 
tenants : he has formed them — ^they number several hundreds — into 
credit and marketing eo-operative societies, the latter being authorised 
to pay to the former svhatever the member owes. A similar lead 
could be given in other regions where they are large landowners 
provided they w'ould devote the necessary time and trouble to the 
work. The village panehayat 3vonld be a means of carrying through 
ony agreed proposals, and under an effective leader could render 


(1) rrom_ the method of cnlculittion ndoptcci, nhich is bnsed on yam 
proflnecl in mills and not exported or voven in fnetorics, it is probablo that the 
'varuitioas from year to year ato esaggerated* 




1!ube well amenities : Meeiut. 

Drinking water. Bathing tank. Washing tank. 
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useful service. But we are always brought back to the same funda- 
mental trouble ; the absence of an agricultural aristocracy or educated 
agi'icultural middle class recognising responsibility towards the com- 
munity, and so long as that continue;s the villages must continue to 
suffer. 

The Improvement of the village. 

The absence of the educated middle class agriculturist is 
intimately bound up with the unattractiveness of the villages : the 
malnutrition and unliealthiness, and the inertia engendered thereby. 
As things stand few educated men or women will voluntarily live in 
the village if they can find posts in the town. 

The improvement of the village should therefore be' an integral 
part of the programme for the improvement of agriculture. 

Thanks to the personal interest of the Viceroy, the movement 
for village uplift is spreading widely and is attracting large numbers 
of workers of different kinds. This is one of the most hopeful 
things in modern India and much experience has now been gained 
as to the different methods of procedure. 1 recommend that at an 
early date a conference of selected workers be called for the purpose 
of putting their experience on record for the guidance of others. 
It is extremely easy for village welfare ^vork to degenerate into 
sloppy sentimentality from which the villagers gain nothing what- 
soever. The only safe foundation on wliich to work is accurate 
knowledge of the facts and careful studies of the probable effects of 
proposed remedial measures. The only hope of permanence is to 
implant in the \Tllagcrs the wish and the readiness to do the work 
themselves. So long as the improvements are done or paid for by 
someone outside the village community it is more than likely that 
they will cease altogether when the help is withdrawn. Model 
villages set up by benevolent patrons are rarely permanent unless the 
spirit of improvement has been deeply inculcated into the people, and 
then tliere is hope for the future. Villagers have considerable leisure 
in wbicli to do something for the community and once the custom 
starts they can achieve a great deal. Mr. Darling recently instanced 
a district in the Punjab where in the last three years the people had 
spent a considerable sum of money in improving the water supply 
and the santitation. The progress already 'made shows what can he 
done, and it is very desirable that the work should be ’suitably 
organised ; always, however, preserving its essentially voluntary 
basis and retaining as far as possible the help of those, generous and 
enthusiastic people who have done so much for it already. 

The village school. 

Now that interest in village life is spreading and schools are 
becoming more numerous it is essential that the education should from 
the outset be on sound lines. A purely literary method is not 
suitable : it tends to take boys off the land x’alher than to show them 
bow Ihej’’ may lead a fuller life in the village. Heading about nature 
studj' or about the parts of a plant is of little use unless it be done in 
the field or the garden where the plant is before the pupil’s eyes and 
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the things can be seen as well as read about. This is not the place 
for a discussion of methods of rural education, and indeed it must 
be admitted that they have been far less fully worked out than 
methods suitable for cities, but, as pointed out on page 65, it is 
widely agreed tliat a garden forms an indispensible part of a village 
school and tliat the gardens of the district should supply the 
material for the teaching of the scholars. Although this problem 
lies outside my terms of reference 1 cannot refrain from pointing 
out the desirability of enquiring into practicable methods for giving 
Indian village boys an education that ivill make tliein better men and 
better eullivators (^) It would be a tragedy if the efforts now being 
made to educate the children should lead to the depopulation rather 
than the betterment of the village. 

Bridging the gap between the Bxperiment Station and the 

Cnltivator. 

Reference has been made to the fact that the yields at the ex- 
periment statioms and on the farms of European cultivatovs(-l are 
not infrequently SO to 300 per cent, higher than those obtained by 
surrounding cultivators : and also to the circumstance that the new 
selections and varieties which represent the highest achievement of 
Indian agricultural science arc used only to a very limited extent. 
The ryot continues largely unaffected by the enormous efforts made 
«m his behalf. 

Once ail improvement starts to come into practice it has some 
chance of spreading : the dilBeulty is to ensure the beginning. 

The present method consists in setting up local dcmoiLstration 
farms pci in doing plot experiments on the oultivntor’.s land. Suc- 
eesses in the demonstration farm tend to he discounted by the cir- 
cumstance that Government Departments can do things which 
cultivators cannot : and the plot method is limited to trials of new 
varieties, new ploughs, etc. 

B(|tter results would I think be obtained if instead of plots of 
an ptire holding were iwd for demonstration, supervised by a 
cultivator and not by a paid Government servant. Tlie best culti- 
vator could be selected and required to run bis holding on a plan that 
comprised all the improvements which the experimental staff con- 
sidcred ripe for introd uction : in return for this lie could be fnrnishcH 

Tlic Acliiinoti incUiocls might be studied. 

(2) Colonel Bruce of Brucopur, Lynllpnr, has favoured mo with the follow- 
inp fipurcs showing liis jiolds ns eomintred with those of bis prcdcecssor : — 
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Iree of charge or at a consid<irable rebate with the seed, and the loan 
of the implement to be demonstrated. A demonstration of this sort 
would Imve a vitnlit3’- that is at present lacking. 

I attach great importance to requiring the staffs of the experi- 
mental farms to malm more of their experiments on cultivator’s 
land. A weakness of some of the stations I visited was their some- 
what closely self-centred life : much time and energy is devoted to 
the amassing of data the value of which it is difncult to see, and the 
work is confined to the Station. If some of this time and energy 
were devoted to experiments on outside farms the work would gain 
in value / the exporimonlcr.s wotild widen their experience and the 
cultivators would certninlj' learn soinclhing from them. Some 
j)ii3’ment would of course be necessary to compensate for disturbance 
of cultivation but the advantages would be considerable. 

SInch of the extension Avork, lioAA-ever, must be done orallj- and 
here of course agricultural officers differ greatly in cfliciencj'. The 
reallj- pood extension officer, like the good research worker, is horn, 
not made, and tvlien one is found he should he kept at the work and 
should Jmt need to .seek promotion in some other direction. 
Dialogue.s, songs and other devices arc all in use, and T shall long 
Tcmemhor the crowd of villages gathered to hear the dialogue 
betAvcon the peasant aa'Iio had failed to use his ncAV plough eorrecllj' 
and the in-strnetor who pointed out Avhere he had gone wrong. 

The possibilities of broadcasting deserve full investigation. 
Prices, addrc-sses and dialogues can be Avidely disseminated in a 
A'ariely of languages. All Indio Radio bas nlreadj' .statioas at 
Delhi, Calcutta, Bombaj* and Pc.slinAvnr and proposes during this 
year to set up stations at various other places : Lahore, Lticltnow. 
Dacca, Madras and Triohinopolj'. Rapid progress is being made in 
the technique of broadcasting and it maj' become a mast effieieni 
agent in rural education. An integral part of a broadcasting scheme, 
however, is .some means for giAang promyjt replies to enquirias : 
Avithout this a great part of its value is lost. 
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CHAPTER 6. 

The Iilaohineiy for dealing with these problems. 

These problems are dealt -with b 3 ’- the Agricultural Departments 
mth the Imperial Council of Agricultural Research as the effective 
co-ordinating agency. The Council is organised on a wide basis uith 
representatives of the contribntmg bodies and an expert administra- 
te c staff : it works thiough expert Committees composed of men 
having special knowledge of the problems concerned. I attended 
meetings both of the Committees and of the Council and was much 
impressed by the efficiency of the procedure which compares very 
favourably with anj^thing I have seen elsewhere. During the short 
period of its existence the Council has accomplished a remarkable 
amount of good work and l do not see how its results could well be 
bettered. 

In view of its sueccss I suggest some widening of the scope of 
the Council 

The purpose of the research : the need for wider scope of the 

Council 

In pure .science Research is an end in itself, and the workers' 
responsibilities end with the publication of his paper in one of the 
scientific journals I agricultural research the case is diffeient : 
it is not sufficient to point to the increasing ^rlh of the Journal as 
the measure of success : the results must find some expression in the 
cnltivalorB’ or plantera’ fields or in the subsequent processing. It is 
much more difficult to make use of results than to get them, and in 
India the stage has been reached where the machinery for gaining 
more knowledge is working better than the machinery for utilising 
it. Tlie Council should henceforward devote much of its attention 
to this problem of applying in practice the results already obtained. 

At present the duty of applying the results devolves mainly on 
the Provinces, but some degree of centralisation is nccessarj', just 
as in the carr.iing out of research. The best method of dealing with 
this problem in inj' view would be to set up a Development Com- 
oiissioD, whose function would be to work out systematic large scale 
plans for the improvement of agriculture and the raising of the 
standard of life in tlie villages, and to provide expert help and advice 
to the administrative Departments in carrying them tbrongli. 

The Commisdon would deal with large groups of problems 
including — 

(а) Soil Conservation deterioration and loss, of .soil cxiiaiis- 

tion and manuring, soil erosion, salt, alkali. 

(б) Cron Production, especially the planning of cronning 

schemes, the balance between cash, food, and fodder 
crops, the fusion of animal husbandry and agriculture. 
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the improvement of grazing land, the tailing of action 
on the remits of marketing and other economic 
enquiries. 

(c) TJie exploitation of discoveries or pi’oecsses of commercial 

importance. The Commission would not itself emhark 
on industrial enterprises hut it would smootli the -wa: 
for others to do so fay hplpuig to bridge the gap between 
the laboratory and the factory, and by giving infonna- 
tion and advice to the Commercial body undertaking 
the work. Seeing that some kind of monopoly would 
usually have to be granted for a term of years the Com- 
mission would advise the Government on the teobnicnl 
side as to terms that could be accepted. 

(d) The multiplication and distribution of seeds of approved 

varieties of crops of named varieties of trees. 

(c) The improvement of village roads. 

The Development Commis-sion and the Council would be so 
closely as.soelated that it would be most economical both of tim» and 
of money to combine them in one body and to give to the prd^put 
Council the wider powers needed for the developmental work. This 
would necessitate the appointment of another member of the higher 
staff to lake charge of the Development side, but working in close 
touch with the present staff : and more assistant staff in order to 
liberate the higher staff for the necessary planning and thinking : in 
particular (1) an Editor, competent to take over the manage.nient 
of the Journal, Reports, etc., published from time to time by the 
Council, (2) an Expert trained in Geographical Science, (U) an 
Expert trained in agricultural economics both Experts to prepare 
critical reports for submission to the higher staff. 

"With this shifting of emphasis from gaining knowledge tb 
applying it there would of course be a change in the Council ’.s p\ripn- 
diture. It should be accepted as a general principle that the Pro- 
vincial Departments should bear a substantial part of the c.'cj/Pri- 
mental work dona on their farms and from which they -will derive 
benefit ; and the Couneil’s funds Ihus liberated would be inecl for 
developmental work. Further funds would, however, bo needed, 
and the grant to the Council would require to be ougmentocl : it is 
always costly to talte llie first step-s in applying IcnowledP’c. Iii addi- 
tion the possibility should he considered of setting up a Development 
Fund out of which grants or loans could be made for the carrying 
out of works proved by the experiments to he both fee.sibh' and 
advantageous. 

The provision of staff. 

However perfect the plan, the succsss of the work fostered by 
the Council is limited primarily by the quality of the men who are 
to carry i't out. I cannot too strongly emphasise the fact that 
capacity for doing good research work is very rare : it is an inborn 
quality which cannot be imparted but can only be developed On 
the other hand tho training needed for an assi.<^ant can he given to 
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anyone, and a large number o£ people possess the necessary qualifica- 
tions of honesty, industry, and scientific or technical knowledge. 
Unfortunate many Universities make no distinction between the two 
classes, and the distinctive label does not come till a man is so settled 
m his line of work that he is unlikely to make any useful change. 

There is little difficulty in recruiting for Assistant posts, and 
s) B.Sc. degree of one of the stricter Universities would usually 
guarantee suitable preliminary training. The Universities differ 
greatly in their .standards, but this is well known to competent 
selection Committees. 

Before appointing a University man to an agricultural ])OSt it 
IS desirable that he should have a period of post-graduate training 
at the Imperial Research Institute at Delhi where he should be 
attached as assistant to one of the staff and required to read some of 
the classical books and memoirs on the subject He could tlien take 
up his work and if after a lew years he shows promise of development 
lie should be encouraged to go abroad for two years study leave. 

The diflSculty of finding really good men for the higher posts 
IS very considerable under any circumstances, even woere the 
choice is absolutely free ; direetlj' any limitation is se.t it becomes 
intensified. University degrees alford little guidance. 

Selection Committee sometimes attach considerable importance 
to a Ph.D. degree. The value of this degree, however, depends large- 
ly on how and when it is taken. In itself it does not necessarily 
show a man to be a competent research worker or to have had a sound 
scientific training : it only means that he has worked in a laboiatory 
where research is being done, and he was able imdcr guidance to 
write a thesis conforming to certain standards. Here again, un- 
fortunately, the standards are very variable, not only as between 
different Universities but also as between different subjeet-> in the 
same University, and there is no way of discovering what the par- 
ticular standard tras Tlie D.Sc. degree of one of the stricter tfni- 
versities is safer, but it is by no means an infallible sign of ability. 

Testimonials also differ greatly in value. Much more useful 
mformation is obtained by asldng the Professor under whom the 
candidate worked to furnish in confidence a report on his abilities 
a.s a research worker and his suitability for the post. 

Numerous students from India go to Great Britain tor post- 
graduate training. Usually they go too young. The idiange from 
an Indian to an English University' Institution is so great that it 
should not be undertaken till a man has attained a certain maturity 
and experience of life and work, and till he Icnows what is likely to 
he most helpful to liim in liis subsequent career. With some not- 
able exceptions the men who have gained most from post-graduate 
studies in Great Britain have, in my experience, been those who had 
premou-sly held a post in one of the Indian Institutions, and who had 
done s6 well as to justify the privilege of study leave. They know 
exactly what Itind of training they desire : they have sufficient 
experience and breadth of knowledge to he able to find their wav 
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about the laboratoiy and the library, and they fit better into a 
rMcarch atmosphere and gain far more from it than if they come 
direct &om completing their College course. They seek, of course, 
to obtain a Ph.D. degree, but they gain mucli more ; they learn some* 
tiling about tlic standards of irork in a recognised good laboratoiy 
they meet and leiirii to Icnoiv men of outstanding ability and distinc- 
tion, while the serious attention they ore able to claim enables the 
staff to form a shrewd opinion of their merits a-s investigators. 

I recommend that the Council should set aside a small fund to 
assist senior men of proved merit to go overseas for training. 

The Status and permanence of the Staff. 

The Council’s schemes arc all temporary and in conspqucjice 
the men actually doing the work ai-e hampered by a feeling of 
insecurity and exposed to the temptation of mailing a good show of 
Tc.sults jn the hope of an extension of the grant. 

It is impossiblo to avoid the clement of temporariness, but its 
effects could be mitigated in tlu-ec ways. 

(1) A Provident Pond could be set up, Avhicli all members of 

tbe Staff would be compelled to join. The CoUon Com- 
mittee have already a fund of this kind and tlieir 
experience would no doubt afford valuable guidance 
to the. Council. 

(2) A Register of satisfactory and efficient research worlccrs 

coidd be established, on which a man who had success- 
fully completed Uie investigation assigned to him by 
tbe Council could have his name inscribed. This could 
he brought to the notice of Departments, orgamsations 
or private employers wanting good men. 

, (3) A solooled cadre of proved research workers could be 

gradually formed, who would be given permanent posts 
and who could he transferred from place to place to 
carry out the investigations fostered by the Cbuucil. 

I recommend that all three methods be adopted, and T ani con- 
vinced tlmt the 'moral effect on the men would be refleotecl in the 
work. No one can do bis best when ho is worried by fears of the 
future. 


HSOICAB 
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CHAPTER 6. 

The Imperial Agrioultriral Eeaearch Institute, New Delhi. 

The purpose of this Institution is to carry out investigations of 
fundamental importance to India agriculture in the same kind 
of way as is done at the Eothamsted Experimental Station or the Agri- 
cultural Eesearch Departments at Washington. The difference in con- 
ditions is that Eothamsted is by far the oldest of the British Stations 
while the Delhi Station is the newest of those in India : and that the 
Washington Eesearch Departments are under the control of the 
Federal Department of Agriculture of the United States while there 
is no such body in India. These differences give a special character 
to the Delhi Institute and they involve it in certain difficulties so that 
its position and functions need defining. 

Among the Indian Agricultural Eesearch Stations the Delhi 
Station occupies a special position, being controlled by the Govern- 
ment of India and placed under the general charge of the Honour- 
able Member for Education, Health and Lands. The same Minister 
has charge of the ImperiM Council for Agricultural Eesearch so 
that the Council and the Institute may be regarded as parallel 
organisations, both responsible to the same Minister, but neither 
directly connected with the other. 

The Eesearch Institute is the direct continuation of the Pusa 
Institute, which almost from the outset was found to suffer from 
its isolated position, a difficulty that seems to have become intensi- 
fied as time went on. After the destruction of the Pusa labora- 
tories by earthquake in January 1931, it was decided to transfer 
the work to New Delhi and to build the new laboratories there. 
The difficulty of isolation is therefore completely overcome. Certain 
other weaknesses discussed in the various Eeports on the reorgani- 
sation of Pusa have also been remedied, and the reorganisation of 
the Institute seems now to be satisfactorily accomplished. But 
meanwhile there have been some important changes in the position 
of agricultural science in India. 

When Pusa was founded in 1904 it was the only centre for 
general agricultural research in India. Individuals such as Drs. 
Martin Leake, Barber, Hector and others were doing excellent 
work in their respective provinces, but their work was entirely 
personal and was in no way associated with an Institution. Pusa 
was intended as a centre where investigations fundamental to agri- 
culture all over India could be carried out, and where agricultural 
officers might obtain trustworthy information on any important 
agricultural subject. In its early days the Institute was fortunate 
in attracting some exceptionally able scientific workers : the 
Howards, E. J. Butler, H. M. Lefroy and others, and in some res- 
pects it completely fulfilled the hopes of its founders : the wheats 
bred by the Howards, the masterly studies of the fungus pests 
by Bufler and of the insect pests by Lefroy, are works of which 
any station could be proud. But these wore all in the imture 
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of personal triumphs, and it is well-known that Pusa as an Insti- 
tution did not attain the high commanding position in agricultural 
research that had been expected. 

The new Research Institute begins under conditions very- 
different from those in which the old Pusa started. There have 
been marked changes in at least three direetions. The chief co- 
ordinating agency in agricultural research in India is undoubted- 
ly the Imperial Council for Agricultural Research. It possesses 
the greatest of all powers in a modern state, the power of the purse ; 
it receives applications for assistance in reseach from all pro- 
vinces and contributing states, it has fuller knowledge than any 
other body or individual of the problems of Indian agriculture 
and of the men who are achieving good work however quietly and 
unostentatiously it may be done. It combines therefore know- 
ledge and power, and it is able to influence both the direction and 
the execution of research by the way it allocates its grants and 
the conditions it attaches to them. This powerful influence is 
likely to persist. 

Further, agricultural research is no longer confined to one 
■Station. The Provincial Departments have organised their own 
agricultural institutes, some members of which, with assistance 
from the Council, are making useful researches, and they feel no 
desire nor indeed have they any need to turn to a Central Institute 
for help or guidance. Several of the Universities have inter- 
ested themselves in agricultural science and are carrying out 
fundamental investigations on plants and soils. Some of the other 
Departments and non-official organisations have their own research 
laboratories such as the Avell equipped Irrigation Research labo- 
ratory at Lahore, the Cotton Research laboratory at Matunga 
(Bombay), the cotton field station at Indore, the Tea Research 
Station at Tocklai and others. These have picked out for them- 
selves some of the most important subjects and they are doing 
their work so well as to leave nothing over for a Central Institute. 

Finally, the Imperial Agricultural Bureaux, and Institutes of 
Entomology and of Mycology, located at various institutions in 
Great Britain, and maintained by the various Governments of the 
Empire, including India, act as clearing houses of information on 
agricultural matters, identifying plants, insects, ftmgi, etc., and 
supplying information on the various branches of agriculture. 
These Bureaux have highly expert staffs and access to large libra- 
ries and herbaria : the need therefore for another clearing house 
of information at Delhi is much less than it was a few years ago. 

In view of all these developments it might at first sight appear 
that there is little room for a Central Research Institute. If 
the Institute confined itself to the study of fundamantal problems 
basic to the work of the Departments without having secured the 
intellectual leadership, its results, even if sound, would run the 
risk of being ignored so that the work would have little practical 
effect. Intellectual leadership is won only by merit and only 
slowly : it cannot be achieved by administrative arrangements. 

e2 
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The Institute may yet win this leadership : it has magnificent 
buildmgs ; some prestige descends from the old Pusa ; and it is 
know that, in the selection of Staff, merit and competence are 
the oliief detormiuing factors, personal and communal considera- 
tions having no such eomman^ng infiuence as in some of the Pro- 
vincial appointments. All this is in its favour. It can best, 
attain leadership by rendering valuable service to all concerned 
with the development of agriculture in India. But in the mean- 
time the important question arises : how can the new Listitute 
best aid in the development of Indian agriculture ? 

The present work of the Institute. 

The purpose of the present work is to provide a scientific 
basis for the activities of the various Provincial Departments of 
Agriculture. There is no intention of duplicating their work, 
or of carrying out investigations which they arc able to make, 
but rather to undertaire work of such wide application that it need 
only be done at one centre to serve all India ; and the fundamental 
studies for whicli they have neither the time nor the staff. 

There arc considerable difficulties in putting this design into 
practice The fundamental studies cannot as a rule be separated 
from the practical problems to which they relate : usually the 
work must be done in the district concerned. Studios detachable 
from the field-work become indistinguishable from plant physio- 
logy. physical chemistry, genetics and other sciences more proper- 
ly investigated at the Universities because of their intimate rela- 
tion with teaching. It is of course possible to spend many life 
times on the study of any natural object and still not to exhaust 
the possible programmes of investigation ; but the work soon be- 
comes remote from practical agriculture and therefore unsuitable 
for an agricultural experiment station unless constant care is taken 
to keep it in the field as well as in the laboratory. 

The detailed work of the Station is discussed in a later section 
of this Keport. The various activities of the Institute fall into 
three groups : 

(I) standardisation of methods for other stations to use : 

(II) making collections of insects, fungi, soils, etc., and also a 
register of varieties of crops : all these to be avail- 
able to the Staffs of Provincial Departments : 

(Til) investigations of agricultural scientific problems which 
seem to be near to practical application. 

In regard to standard methods, the Institute has no power of com- 
pelling other stations to adopt those that it recommends, it can 
only point out their advantages. 

The making of collections is very useful is assisting Depart- 
mental officers to identify any insect or fungus new to them. In 
case of uncertainty the last word will always remain with the 
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Imperial Institutes of Mycology and Entomology in London, where 
t^e staff have access to the type collections and to collections of 
living cultures, and which also act as clearing houses of informa- 
tion for the whole Empire, It would bo very costly and quite un- 
necessary to attempt to duplicate their functions, and the Air Mail 
service is now so efficient that there would be no saving of time 
even if the attempt were made. Some of the provincial officers 
with whom I spoke preferred to apply direct to the Bureaux for 
identification and information rather than send to Delhi. 

The future position and work of the Central Besearch Institute. 

In view of these various considerations it seems clear that the 
most useful place for the Institute in the schemes for developing 
Indian agriculture would be in close association with the Imperial 
Council of Agricultural Research, recognising frankly the leading 
position which the Council has secured. The Council could under- 
take cither the entire charge of tlie Institute or the supervision of 
its programme of U'ork : this is a point of administration as to which 
I express no choice. But the Council should bo empowered to re- 
quire that the In.stifutc’s research programme included specified 
problems which it deemed important for Indian agriculture, even 
if this necessitated the cutting out of items which the staff would 
like to iiavc included but which in view of the Council were of 
insufficient practical significance. The Council can, for example, 
and in my opinion should, insist that oortain recognised methods of 
sampling and analysis shall be used for all investigations aided by 
it — ^\vithout of course excluding any other methods which the work- 
ers may prefer — and that field experiments of all kinds shall be carried 
out in such a way that tlie results con be subjected to statistical 
examination with a view to estimating their validiy. 

This necessitates, however, thorough examination of the 
methods before they are made obligatory for grant-aided researches 
and this work could be done better at the Central Institute than 
anywhere else. 

Among prohlcms Avhich in my view should be taken up by 
the Institute at the earliest opportunity are the following : — 

(1) Methods of sampling of soiIs(>) and of all of the important 
croi)s for nnalj'sis. 

In general it will be necessary to work out two groups of 
methods, one for rapid approximate analysis, and tlio other for 
more refined investigations where some scientific pi’ineiple is in- 
volved. The woi’k must be done in association with the statisti- 

(1) TJic ajfllftully of eampling a noil is mrcly roalisetl. TTsually a sample 
is deicribcd ns haring been taken to n depth of G or 0 inches but tliis ignores 
the f.'ict ttmt n G incfi core taken on a dny when tho soil i.s compact is very 
digerent from a G inch coro taken when tho soil is in looso or swollen condition. 
Serious discTOpancics .may thus be caused iu estimating the quantities of 
substances like nitrogen and nitrate, the content of which Varies with the 
tdopth. 
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cal experts, who must be able to nceept the methods as giving valid 
estimates of significance of the results in view of the heterogeneity 
of the material. 

(2) Standard methods of analysis and of crop examination 
to be used for all co-ordinated schemes. Indmdual workers 
would, of course, still be at liberty to use their own methods, but 
the standard methods must also be used to ensure comparability 
of the results 

Both (11 and (2) would necessitate considerable laboratory 
and field investigation : it would not bo permissible simply to write 
down arbitrarj’ methods and insist on their use. Numbers of al- 
ternative methods would need to be examined experimentally, 
and the Institute must be able to set out and justify before expert 
erities the reasons for its selcotion. International methods should 
as far as possible be adopted unless others arc dcfinitcl}' better. 

(3) Collection and examination of soil analyses made in differ- 
ent parts of India with a view to the preparation of soil maps. 
Until the standard methods referred to in the preceding paragraph 
arc universally adopted it may be necessary to analyse again some 
of the soils, and numerous examinations would be needed in order 
to find how far soils examined by different uorkers arc similar and 
how far they differ. Tl»is would necessitate the setting up of a 
small soil Committee consisting entirely of the leading soil experts 
of India to net ns the correlating body : the Chairman of the Com- 
mittee would not necessarily he a member of the Institute staff. 
A considerable amount of valnnble material now exists in various 
parts of India { following up the recommendations of the Eoyal Com- 
mission on Agriculture n number of surveys Ims’e been made botli by 
Acriculturnl and by Irrigation Departments. All the data should 
be collected and collated. 

(4) Comparisons in field experiments 'of the relative s’alnei 
of nitrogen in green manure, farmyard manure, compost, oil 
cakes and sulplintc of ammonia. Estimations of the recovery of 
nitrogen by the crop, and of the changes in moisture, ammonia and 
nitrate contents of the soils of the different plots. The work must 
be done in the field, the treatments being properly replicated and 
the plots rnndomired in the usual way, and the sampling to bo so 
done as to give on each occasion n valid estimate of the error of 
the sampling. 

(5) Collection of insect and fungus pests, and of other insects 
and fungi associated with crops even if of no present economic 
importance. The collection and compilation of records of ooenr- 
rence at periodic intervals at a number of centres where it is 
known that the observations arc trustworthy. To this should 
be added information obtained from the Imperial Institutes of 
Mycology and Entomology at London and the whole should 
periodically be put into the form of short bulletins which busy 



Provincial officers cotild read, and which would inform them of any 
.apparent increase or decrease in the pest, and of results of attempts 
to obviate or to overcome the attack. 

(6) Population studios of insects as discussed above. The 
methods of sampling and estimating must be worked out experi- 
mentally in association with the statistical experts : methods of 
recording should be devised suited for use at all the stations. The 
results should then be collected and fully worked up at the 
Imperial Station. 

The Tea Research Station at Tocklai should be consulted as 
to methods of recording tlie incidence of insect and fungus attack. 

(7) Collection or registration of varieties of crops, fruits and 
vegetables grown in India. 

It is unnecessary to duplicate existing collections of import- 
ance, but the varieties should be included in the records. 

(8) Selection and breeding of plants for which there is no 
adequate provision in the Provinces, potatoes, or for which Delhi 
or its substations arc particularly wcU suited, e,g., tbc Brassicao at 
Karnal. Co-operation with plant pathologists in plant breeding 
experiments, e.g., for producing rust resistant wheats. 

(9) Continuation of the selection and breeding of sugar cane 
at Coimbatore on its present lines. 

(10) Co-operation with the Health Department in investiga- 
tions likely to improve Ihe quality of the dietary of the villagers ; 
e.g., practicable methods of making good the deficiencies of the 
customary diets ; the effects of proved mineral deficiencies in 
soils on the nutritive value of cultivated food stuffs. 

(11) Co-operation with the Marketing branch in making or 
arranging for investigations likely to improve the market value 
of Indi-an agricultural products. This work should be confined, 
however, to invo.stipations likely to come to a successful issue : 
vague investigations in “ quality ” should cither he avoided, or 
done on a large scale as described on page 23. 

(12) Keeping in touch with the workers engaged on the 
Council’s schemes, lending them books ond current journals (so 
far as these would be replaceable if lost) containing papers of 
importance to tlicm. 

Irrigation and dry farming methods aro of such vital import- 
ance and present so many difficult problems requiring investiga- 
tion in the regions concerned, that I recommend separate treatment 
for them (page 220). The Institute would continue as at present 
to admit post gradual e workers but it should be empowered to 
insist on a high standard of attainment before entry. There are 
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numerous facilities in India for ordinary tuition in ogrioulturd 
pn 7PTn.B^ and it -would be tmfair to the Staff and a -waste of their 
resources, if thqr had to teach facts and methods that are included 
in a good College course. 

The above programme differs in several respects from the 
tentative proposals put before me when I visited the Institute. 

I have omitted all subjects not directly applicable to the pro- 
duction of crops under present circumstances : such as pure 
cytology, microbiology and physiological studies of insets and 
fungi. I recognise their interest, and should -welcome their inclu- 
sion, especially if members of the Staff are personally interested 
in them, provided they can he studied without prejudice to the 
work on the items set out above. But, I consider the need for 
improving the yield and quality of the cultivators' produce is so 
urgent that all other problems should stand aside. In the pre- 
sent day conditions in India the Experimental Stations both Central 
and Departmental must be judged by the extent to which they 
help to raise the standard of life in the villages. 

The Staff of the Institute : The Director. 

The position of the Institute in relation to the Universities 
and the Departments of Agriculture depends on the quality of the 
work done there, and this in the end depends on the quality of the 
Staff. The Director and the Heads of the leading sections should 
if possible be men of international repute who would be respected 
for their own merits by the workers at other Institutions. This, 
of course, is easier to lay down as a principle than to accomplish 
as a fact. 

It has been proposed that the Director should also be Head 
of a Department but this arrangement while no doubt suitable ai 
a temporary measure during a period of financial depression, is 
not in ray riew suitable as a permanency. There is always the 
danger that heads of other sections may consider that their claims 
to^ share the available funds are being set aside in order that the 
Director may better finance his o-wn section. Further, the Rec- 
torial duties cannot fail to interfere -with the duties of head of 
section and to take up time that would normally be devoted tO 
research. Additional work devolves on the chief assistant, and- 
although this may to some extent be met by additional payment, 
the fact remains that he is charged -with the responsibility of special 
supervision without the prestige which for the scientific man is 
often more important than the extra pay. 

Finally, the Director should be one of the most useful of the 
CTOup of thinkers tind planners helping the Council in its nety 
developmental duties. He should be a scientist of wide repute 
and ha-ving inch personal qualities that his help and criticism would 



81 


be welcoined Jjy the men carrjwng out the Council's research 
Schemed* He need' not' be an agriculturist but he must be dis* 
tinguished in some science basic to agriculture. It is not neces- 
sary to, go outside of India to find a suitable man. 

The present Staff of Besearch. Workers engaged on the Oonncil's' 
‘ ' ' Schemes. 

I greatly admired the energy and enthusiasm with which many 
of the research workers engaged on the Council’s schemes were 
carrying out the tasks allotted to them, in spite of great difficul- 
ties. It is of course pleasant enough to do research at a ITniver- 
sity whore there is an intellectual atmosphere and a social life 
rich in amenities, where libraries and the other accessories of 
learning are available. But many of the Council’s workers are 
m lonely places where they are cut off from any possibility of 
discussing their results with competent critics, away from libra- 
ries and the stimulus that comes of association with men distinguish- 
ed in the arts and sciences. And yet in spite of these difficulties 
and of occasional depression through a feeling of isolation they are 
achieving good results. Many of the difficulties are unavoidable : 
they arise from the circumstance that the work must be done on 
the spot and cannot be transferred to a CoUego. TLej’ could, 
however, be considerably mitigated by more frequent visits from 
experts who could go over the results in detail and discuss them 
with ihe worker. The interest taken in the periodic visits of the 
Council’s experts shows how valuable these discussions are, and the 
Council might well consider the advisability of extending them 
by periodically sending some other qualified person to Stations 
where his special Icuowledge would be helpful. Visiting Experts 
should pay particular attention to the more remote and inacces- 
sible stations, and should stay at each place long enough to go 
into the details of the results, advising what lines should be follow- 
ed up and what can be left for the time being. It is difficult 
to over-rate the value to a research worker of a quiet talk in his 
laboratory or on his field plots with some one enjoying sufficient 
prestige to command his respect, who is taking the trouble to under- 
stand his results, and who can deal helpfully and sympathetically 
with his difficulties. Such visits would necessarily be infrequent, 
yet their influence would, I am sure, be profound, and a young man 
proud of bis work would be greatly encouraged by the knowledge 
that his visitor had recognised its good points, and had indicated 
ways in which improvements might be effected. 

Still further benefit 'would accare if arrangements could be 
made on the rec'ommendation of the" visiting expert for the worker 
to spend a certain period of time in some other laboratory where 
similar investigations were in progress or where methods likely 
to help him were being developed. A detailed programme would 
i)# drawn up in consultation' "with the Heads of the laboratories 
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ucmoemed, and submitted to the Council, who, if thqr approved, 
would take the matter up with the Departments. 

Technical Conferences between the workers in similar subjects 
are already arranged : I should like to emphasise ^eir value. 
The Council might consider the advisability of holding some of 
these conferences at the Imperial Research Institute, Delhi, in 
the laboratories where methods or technique could be demonstrated 
instead of being simply discussed. 

Proposed permanent cadre of proved research workers. 

Some of the men now engaged on the Council’s schemes have 
shown definite capacity for doing good work and it would he a 
great loss if they were simply released at the end of the period. 
It is undesirable and indeed impossible to retain all, but a select 
group should bo put on a permanent basis, working usually at 
some out-station where they get down to the actual field problems, 
but regarding the Central jbstitutc as their home. The posts 
would be permanent, but a man would not necessarily remain in. 
this cadre indefinitely, for from it would be recruited men for 
administrative or executive posts requiring technical knowledge. 
A man’s research life is not usually* very long : in general — and 
with some notable exceptions — ^however good ho may be, he sooner 
or later gets into a groove out of which he will never again emerge. 
It is no misfortune when a research man who has the gift for 
administrative work undertakes it after having opened up a new 
field of enquiry. 

The organisation of the Council's business. 

I attended meetings of the Council and of various sub-com- 
mittees and was much impressed by the evident effectiveness of 
the procedure. At first sight the Council seemed large but I could 
suggest no way of reducing their numbers. 

In view of the widening of the scope of the Council’s activi- 
ties which T have proposed it will obviously bo impossible for the 
Council to concern itself with individual schemes : it should deal 
with principles and major issues nsther than details, and while 
it would place the large problems in some perspective it would 
necessarily leave to the higher staff and the sub-committees the 
detailed .shaping of schemes and allocation of funds thereto. 

The method adopted by the Council of appointing sub-com- 
mittees of experts to discuss and report on the various divisions 
of their work is admirable and suitable for extension. 

The expenditure of the Provincial Departments. ' 

Reference has several times been made to the successful work 
of some of the Provincial Departments. The figures of provincial 
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budget estimates for 1936-37 on account of the Departments of 
Agriculture in the various provinces arc shown in Table 16. 

TABun 16. 


Proviooo. 

Total ana 
eowxu 

Million floras. 

Bxpondituraon 

Agriooltural 

Bopartment. 

Bxpenditaio 
per 100 ocres 
aoTvn, (total 
sowing). 

Ezpcnditnio 
per 100 
poisons. 




LakhB of Be. 

Bs. 

Bs. 

N.W.P.P. 

• • 

2-6 

4*77 

10-1 

-- 

Abshiu • • 

.. 

6-7 

8- 12 

12-1 

e-4 

Uodraa .. 

• • 

37«fi 

41-7C 

ll-l 

8-9 

Bnnaa 


10<1 

18-09 

9-6 

4 • 

Panjat) .. 

4 « 

20<8 

28-63 

0-C 

12-1 

Bengal . . 

• * 

27'0 

2fi-06 

9-2 

6*2 

U.R 

• 

43-4 

36-70 

8-6 

7-9 

Bibat 


4 

13-20 

-• 

-- 

Bombay .. 

4 

34-1 

22-40 


10-0 

Oo <P# • • 

4 

27’B 

0-42 

■1 



Tho Council’s Besources. 


The Council's work has been linnneed on generous lines by tho 
Government of India and it has received substantial grants from 
other sources. The effect of the foregoing proposals will bo to 
diminish tlie expenditure in some directions and increase it in 
others, but if a total income of the order hitherto received Bhomu 
continue to be available much of what I have proposed ctotdd bo 
carried out. During the next few years, however, ^e OouncU 
would need additional special grants if progress is to ho as rapid 
os is desired. 
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PAKT H. 

Work directly carried out by the Council. 

In general the Council does not itself undertake investigation. 
There are, however, two directions in which it has done so : costs of 
production of crops, especially cotton and sugar cane ; and the statis- 
tical control of agricultural experiments. 

(1) Cost of production of crops. 

This investigation is in the hands of Mr. B. D. Kapoor, who after 
graduating at Lyallpur travelled with the purpose of studying 
economics at Columbia and New York ; agriculture at Cornell ; and 
agricultural economics at Cambridge under Dr. Venn. The cost is 
estimated at Rs. 5,25,800 of which only h^ is borne by the Council, 
the other half coming from the In^an Central Cotton Committee. 

The general plan is to select 24 districts all over India where 
sugar cane or cotton is an important crop to choose six villages 
in each district and eight holdings in each village. A Recorder is 
placed in each of the villages to keep close watch on the selected 
holdings, entering up aU the work done, by whom it was done, and 
the number of hours taken. A District Supervisor is in charge of 
each six recorders, and is required to spend at least 20 days per 
month in the villages. A provincial officer checks the work of the 
supervisors. 

There are thus 1152 holdings under observation, and the stoS 
includes 144 recorders, 24 district supervisors, in addition to the 
central staff. 

The common difficolly of assessing the value of a peasant’s time 
was met by enquiring into the local wage rates and charging the 
hours at these rates. The rates vary considerably in the different 
districts ; for a man worMng 8-10 hours a day the wage in Sind is 
6-8 annas : in the Punjab 3^ annas ; in Madras 1 anna 6 pies to 

2 aTiTins. As the enquiry proceeds it will be interesting to see 
whether the rates per unit of crop produced vary as much as the rates 
per day, or whether, as often happens elsewhere, the rates even out, 
the cheaper labour being less effective than the dearer. 

This is the first enquiry of its kind in India, and the results if 
valid should be of value both to the Agricultural Departments and 
in relation to the work on Rural development and village improve- 
ment. The work should certainly be continued, but a close study 
of the data should be made quite independently so as to ascertain 
whether they have been correctly used. 

A first inspection of the figures suggests that cotton is profit- 
able in the Canal Districts of the Punjab and in parts of Bombay 
and Madras ; sugar cane is profitable in the United Provinces, in 
Bihar and parts of Madras, while in the Punjab it only just pays t 

(1) The districts were scattered widely : there were 3 in the Punjab, 3 in 
the United Provinces, 3 in Madras, 4 in Bombay, 3 in the Central Provinces, 

3 in Bihar and Orissa, 2 in Bengal, and one ea^ in Sind, Byderabad State, 
Bnrods State, and Mysore State. 
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wheat is profitable in the canal colonies of the United Provinces and 
the Punjab but not elsewhere. “ Unprofitable ”, however, does not 
mean, as it would in Great Britain, that tlie grower had lost money, 
but only that he would have been better off had he spent the same 
time as a labourer at the standard wage assuming he had been able 
to obtain the work. It will be in^resting to ascertain also whether 
the peasant has himself discovered the relative profitableness of the 
various crops and extended his acreages accordingly. 

It is understood that this scheme comes to an' end when the 
present enquiry is completed. 

(2) Statistical control of agrionltural experiments. 

Bao Bahadur M. Void^'anathan, the Statistician to the Council 
received his mathematical training at the Madras University where 
he specialised in Statistics. His duties consist in assisting investi- 
gators in designing their experiments, both in crop and animal hus- 
bandry, and in examming the results ; in reporting on articles sub- 
mitted for publication in the Council’s Journal, and in advising the 
Council on statistical matters generally. At the time of my inter- 
view he was closely watching some 56 schemes in various parts of 
India : in addition he is studying methods of sampling and methods 
of crop forecasting ; and ho is aiming at preparing Statistical Tables 
for field workers. He has also prepared and published a summary 
of all the recorded manurial experiments made in India. 

All these subjects are of great importance. It is impossible to 
over-estimate the need for statistical control of agricultural experi- 
ments, particularly in ensuring sound design of experiment and 
effective methods of sampling. It is significant that in his review 
of the fertilizer investigations the Statistician bad to reject a large 
number .of the experiments because of faulty design. 

This trouble is not likely to recur, as the improved methods 
worked out at Bothamsted have been eagerly taken up by Indian 
investigators, and in any case the Council now insist that aU designs 
of crop and animal husbandry experiments must bo approved by 
their Statistical adviser before any grant can be made. In some 
instances the experiments had actually been begun before the 
Statistician was consulted, and all he could do then was to save what 
he could of the results. At the risk of apparent loss of time this 
should not be permitted : a faullily designed experiment can never 
give satisfactory results no matter how often it is repeated or how 
carefully the work is done. 

An instance come to my notice where another statistician had 
also been consulted and he had suggested a different design for the 
experiment, wliich caused some comment at the time. There is 
nothing unusual in this, and no harm at all in having alternative 
design for consideration, but as an act of courtesy each Statistician 
should know that a second opinion is being asked, and from whom. 
The final decision rests with the Council, but in cose of serious dis- 
crepancy tile two statisticians should be invited to give detailed 
reasons for their choice. 
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In Tiew of tlic circumstances fhat the subject is new and outside 
the range of training and c,s:periencc of many of the M'orkers, it is 
very desirable that Rao Bahadur Vaidj'ajiathau or some highly com- 
petent officer should periodically visit the various stations -whore 
research imder the aegis of the Council is done, in order to ensure 
that the experimental schemes as they develop can still bear statis- 
tical examination and that the significance of the results can be 
cstimaled. It is particularly important for experimenters to realise 
that no amount of statistical treatment can ever make a bad experi- 
ment into a good one. Stuiistiunl .Science can sometimes mitigate the 
Joss of value due to some accident, as wlicn it sho^TS how to extract 
a result in siiitc of the loss of crop from one of the plots, but the need 
for salvage operations of this kind should be sedulously avoided. 

Much -work needs to bo done, on metliods of stmipling. Agricul- 
tural materials, soils, crop.s and animals, are very variable : no two 
ore alike ; and it is impossible to say how much of the difVcrencc 
between a treated and an untreated sample is duo to the treatment 
and how much to the heterogeneity of U»c material. Sampling there- 
fore becomes an opi'ration of fundamental importance, and a con- 
siderable .amount of ex])erimenlal work done in the past, and some 
that is .still procerdmg, to which 1 refer elsewhere, is seriously viti- 
ated by faulty sampling. The method rau.sl be suited to the material 
and adequate for the problem : but considerable investigation needs 
to be (lone in order to vork out model methods for the various types 
of investigation now proceeding. 

• Another subject neediiig serious attention is the improvement of 
the ngrieultural Statistics. The liguras for nerengc are, or can be 
made, fairly nceurato. but the estimates of yield ai-e very uncertain 
and soum experio’Ka d agricultural offieere have gone so far ns to 
assure me that they are worth very litllc. When cheeks beeamc 
possible for yields of «’ol1oii the values recorded in Uie agricultural 
St aiisiies -were found to be about 25,30 per cenh too low. In view of 
the great interest now being taken in the nutrition of the villagers 
it id iiniiortant to know wlmtlier the rceorded yields of food crops 
aro subject to a similar eiTor. 

This problem is really only another example of sampling. Othesp 
sampling j>roblems concerned wotli rural welfare arc discussed on 
page 157. The subject is r.spidly developing and I note with satis- 
faction that Rao BnUaclnr Taidynnallmn is to proceed to Enghind 
for one year to familiarise himself -with the Iate.st developments and 
to discuss Indian problems with various experts there. 

The present staff coaslsta of Rao Bahadur Vaidynnathan and two 
assistants only and in my view if needs strengthening. Morc^ com- 
puters and compilers are required : they can bo obtained svithout 
great expense. But the senior staff will need to he increased in the 
near future. Further reference to this matter is made in discussing 
the work of Professor hlahiilnnobis in Calcutta. 

Statistical work of this Idnd is necessarily continnons, and I 
recommend that the section he made pemnnent. 

H30ICAP. 
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UfiPEEIAIt INSTEfUTE OP ACrEICULTUEAL BESEASOH, 

(See page 74.) 

Aotinq DmcoTOB : Eao Basadub B. Vjbwanath. 

Tlie Institute is organised in fire sections : 

(1) Agricultural Section , — ^In diarge of Mr. Wynne Sayer. Good 
work has been done in building up a high class pedigree herd of 
Sahiwal cattle, on which Dr. Wright is reporting. Mr. Sayer also 
proposes to study power farming. 

The main farm area comprises one compact block of 475 acres 
and a further area of 50 acres In addition land is available at 
Earnal, 70 miles to the north of Delhi, and easily accessible by rail 
or road. 

(2) Chemical Section . — ^This is in charge of Rao Bahadur 
B. Viswanath. A soil survey of the farm is being made with the view 
of relating the cropping capacity of the soil to the crop yield. If thia 
investigation can be adequately carried out it may yield results of con- 
siderable interest, bat it implies the collection of a considerable 
quantity of yield data of known validity. 

The possibility of making a compost from forest litter is being 
studied. 

The effect of farmyard manure on the quality of the seed is 
studied : it has been claimed that seed from plants receiving farm- 
yard manure produces better plants than from unmauured plants. 

It is known that large plump seed gives larger and more vigorous 
plants than small shrivelled se^, one factor being the difference in 
food supply for the embryo and tlie plantlct In this investigation it 
will be necessary to separate the effect of size of seed from any decide 
effect that farmyard manure may be exerting. 

The nitrogen content of the soil is studied with the special pur- 
pose of finding wliether it remains approximately constant during the 
yeas or whether it, ia liable to eeasonal fLuetuation. Thia question is 
of considerable scientific interest though it probably has no practical 
mgnificanoe. The investigation has been carried out at a number of 
centres and a number of analyses have been made. 

The actual figures obtained at the different times of sampling all 
differ, being sometimes above and sometimes below an average value ; 
the differences are only small but they are greater than any likely 
error of titration. It is assumed that these fluctuations represent real 
changes in nitrogen content of the soil, but this assumption is not 
justified : no two samples of soil from the same plot of land contain 
quite the same percentage of nitrogen and unfortunately the results 
do not show how mach of the recorded fluctuation is due to differences 
in the soil itself. The method of sampling is faulty in that it gives 
no measure of tlie soil heterogeneity and in consequence nothing eau 
be deduced with certainly from the results. A better sampling 
technique is needed. (*) 

(>1 Soroiol posaiblo errors are discussed in a paper b^r A. Sreenirasan and 
V. Bubrahmanyon, " Some Factors Inilnonei^ Studies on ITitrocen Fluctuations 
on Soil Plots ”, Proa. National Xust., Soi., mdia, Vol. 331, No. 2, pp. 233 239. 
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On the applied side work is being done on gur and on the elari- 
fieatlon of sugar. 

A laboratory has been set up for the special study of micro- 
chemical analyses. The purpose is to develop mcthod.s which can be 
used by various departments here and in the Provinces. 

The Micro-biological laboratory is in charge of Dr, Joshi. He is 
at present studying the supposed photo-nitrification stoted by 
Dr. Dhar to occur in soil. (See page 118.) 

Further, he is studying the dissociation of bacteria supposed to 
bo associated with mosaic disease. Some of the dissociated forms are 
fflter passers : a matter of some theoretical interest. Other problems 
include the baclerinl control of milk and the bacterial oxidation of 
sulphur, on action that would presumably occur if composts were 
made of sulphur and bones for tlie purpose of preparing super- 
phosphato. 

^ (3) Botanical Section , — ^At the lime of my visit Dr. B. P. Pal was 
Acting Imjierial Botanist. lie is investigating problems of plant 
breeding and genetics. Some of the work, such ns the breeding of 
potatoes resistant to blight, is done in the fields at Pusa. 

He proposes to set up a register of the diftercut varieties of wheat 
in cultivation in India and to give them sfondard names. This work 
appears to be well done. 

(4) Mycology Section. — 'htr. Galloway was still in charge at tho 
time of iny visit but he lm.s now left and Dr. M. Mitra is Acting Head. 
The general programme comprised two parts : 

(I) The maintenance of a collection of the chief fungi of 
impoiinncc in India : tins i.s in two parts : tlie her- 
linrium .sjicoimcns and the living .specimens, though it 
was rccognified that this latter would be diflicult and 
costly to maintain because of the continual biih-culluring 
necessary. 

(II) Practical control of fungus diseases : this work, however, 
is not to overlap with work in the Provincial Depart- 
ments. 

With the appointment of a new Head of the Section it would be 
well to reconsider tlie «cope of work and the name of the Section. 
Plant Patliology ” would in inj' view he ii hotter mime than 
Mycology* ” and would bettor exprobs Ibo soope of tbc Section. 
Since tho original section was set up it is now recognised that plant 
diseases are onu.spcl by a variety of agents, not only by insects and 
fungi ; there are also haeterial, viru-s and physiological diseases. All 
those .should come svitlun the seope of the Section. It is no longer 
ncceasary that the head of the Deportment Wiiould he a mycologist ; 
ho shonifl bo a plant pathologist, and if necessary should have a 
mycologiral assi.stant, 

(5) Entomology Section. — ^Dr. Pruthi is in charge of this Section 
with Mr. P. T. Isaac ns second ontomologisL Ho lias three main Haifa 
of work ; 

(I) A collection of in.sects associated with Indian crops and 
fruits whether of present economic interest or not, it being 
recognised that an insect harmless now may be harmful 

n2 
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in a few years lime. A record of the occurrence of tliese 
inscetsi with notes is also kept 

(11) Studies of the life-histories of Indian insects. The pro- 
vincial entomologists studs' only recognised pests 

Sheets are prepared showing the oeeurrenco and damage done by 
the pests, and methods of control aie discussed. 

In new of the fact Oiat some of the Provinces have no entomo- 
logist (>) tins work is likely to be very useful. 

(Ill) Studies of vcgetablo inscetieidcs and fish poisons. (See 
page 196.) 

It is proposed idso to .study bees 

In addition the jlgricnltural Section is provided with a Ktatistical 
assistant, Mr. P. V. Krishna Iji'cr. for carrying out its routine work. 

The Schemes of the Imperial Council of Agricultnral Ecscarch. 

Three of the Comieil *i> schemes arc being carried out at the Insti- 
tute : they are all connected witli sug.ir cane. 

(1) Mosaic and other diseases of sugar cane ; 

(2) Insect posts of sng.ir cane ; 

(3) Chemistry of sugar cane. 

(1) JIOSAIO .SKD OTlina WSeSfeES OP SUOMl O.VNK 

This work was hepiin in 19.32, at first under Dr. S. Des.ni, but now 
in charge of Dr. B. Ij. Clionu ; and the amount of the grant b* 
Rs. 18.596 annually for 5 years and Ks 12,000 iwm-recnrrinc : the 
total being Bs 1,04,980, 

(i) -1/o'oic <fiefa.«‘. — good deal of attention was at first paid 
to Mosaic disease but this is not now regarded na serious at any rate 
in Northern India. Bven an 80 per cent, infestation caused only a 
10-15 per cent reduction in j'icld, and under normal conditions in 
practice, the infestation rarely cieeeds 10 per rent , and sometimes is 
only 1 or 2 per cent. 

The observations have hitherto been mainly on tbo medium 
Coimbatore varieties ; they are now being extended to the Uiicker 
varieties, but there is at present no indication that the results will be 
diftcrent. 

It is never safe, however, to assume that Mosaic diseases arc un- 
important They form an obscure and difficult group and they have 
the peculiarity that two known diseases can combino to form a third, 
new to plant pathology and capable of causing considerable trouble. 
Further, new varieties of eanc may be produced wliich, while desirable 
in other ways, are susceptible to Mosaic disease. Constant ivatch must 
therefore bo kept ; but this is not a matter for the Council ; the 
Imperial Agricultural Kesenreh Institute i.s a suitable body for this 
purpose. 


(1) Bengal, Bitiar, Binfl. 
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In view of the relative unimportance of mosaic disease of sugar 
cane ttiere seems no particular need for continuing the work on the 
properties of the virus. Studies on this subject are being made else- 
where but until some striking fresh development occurs it is hardly 
necessary to lupeat on sugar cane work already done on potato or 
tomato virus. 

The work is in any case more appropriate for a University well 
equipped for plant pathology, and having available good chemical and 
medical laboratories so that the help of experts in other subjects can 
be obtained wSiencver necessary. It is essentially a problem for a 
team and not for an individual. 

For those crops for which it is serious the best way of dealing with 
the disease is to grow resistant varieties, and this would probably hold 
for sugar cane also if ever the disease gave trouble in India. Mean- 
while it is necessary to test all new varieties for resistance to mosaic 
disease : a suitable teclmiquc bas been worked out by Dr. McBac and 
Itao Bobadur Venkataraman. 

(li) Jted Rot . — This disease is much more important especially 
on the thick varieties : indeed it is probablj' the most serious sugar 
cane discai^e in India. The remedj' consists in a more careful selec- 
tion of the sets, all those showing redness on cutting being rejccled- 
There is a reddening caused by saprophj-tic organisms, following the 
attack of the borer, and in consequence the rejections of all red sets 
may involve some loss, biit it is safer to incur no ride. T^vo other 
rots are studied. 

{Hi) Stinking Rot. — {Bacillus pyocyancus var. saecharum, Desai) 
apparently a bacterial disease though iis cause is not yet kno>vn, and 
Top Rot, which is apparently caused hy Fusarium. 

In addition to these studies of disease two other pieces of work 
have been undertaken ; 

(1) a survey of the diseases of sugar cane in the important 

cane growng regions of India ; 

(2) a handbook of the diseases of the sugar canc, describing 

them and diowing how they should be treated. 

It is vciy desirable that these should both be completed. 

In.scct pests of sugar cane. 

Entomologist in charge ; P. V. Isaac. 

This invc.stigation began only in 1936 : a grant of Rs. 96,000 lias 
been sanctioned. 

The programme of work includes four sections ; 

(1) Field work on insect pests at Dcllii, and at the sub stations 
of Eamal, Pusa and Coimbatore. 

(2) The collection of parasites on borers. Pyrilla, and Whito fly 
with a view to investigating the possibility of biological control. 

(3) The investigation of indigenous parasites, and the importa 
tion and trial of exotic parasite* 
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(4) Bionomio work on pests, and the collation of information. 

So far the work has been confined to sugar cane borers : 

Steam boresrs — Argyria stioticraspis and iumidicostdlis Diatraea 
venosata and auricilia and ChUo zonettus; 

Top borers — Scirpophaga niveTla and monoaiigma ; and 

Root borer— Emmalocera depresseUa. 

These some insects are also studied at Muzaffarnagar, at the 
Punjab stations, and elsewhere. The Delhi Listitute can properly 
coiry out investigations at Karnal, but Coimbatore is far away and 
already a provincial entomological staff is at vior'k there. If all 
these entomological investigations are carried out independently 
there is liicely to be considerable overlapping and waste of effort, but 
under a central staff the necessary co-ordination could readily be 
effected. 


Possible biological control of insect pests. 

In the Central Scheme of Research on Insect Pests of Sugar Cane 
it is proposed that considerable attention be paid to the possibility of 
biological control. This is at first sight an extremely attractive 
method of dealing with insect pests ; hi&erto its successes have been 
mainly in dealing with introduced pests or in islands or areas naturally 
isolated by mountains or deserts. It is discussed on page 50. 

The investigation of the pests in the field : population studies. 

At the present stage it is very important to make a fuller study 
of the insect and fungus pests in the field, noting their first appear- 
ance on the crop ; whether they die out, just persist, or continue to 
increase ; noting also the changes in external conditions ; tempera- 
ture, moisture supply, condition of the plant, percentage of sugar 
and hrix (as read by the small instrument now available for use in 
the field) : with the view of discovering the conditions that \nry 
with, and perhap.s make for, the spread or suppression of the pest. 
While the observational work is going on there should be attempts to 
obtain and to count “ samples ” of the insect population so as to 
gain a more definite idea as to how the numbers are changing. 

In conditions such as those obtaining in tlie sugar cane areas 
all the common insect and fungus pests of the crop are almost certain 
to occur every year in some or other of the fields, but the conditions 
are not necessarily always suited to their dcvel^ment. With a fuller 
knowledge of the conditions under which tjie pests iimrease, and of 
those under which they decrease, it should be po^ible to miike changes 
in the cultivation of the sugar cane tliat in normal seasons would carry 
it through without important loss. 

The search for resistant varieties of sugar eane must of course 
continue. This is not a permanent method of control, for after a 
while the insect pest usually adapts itself to the new variety, but 
for 0 lime it affords a measure of protection and meanwhile seleolions 
of other varieties can be proceeding. The insect pe.st problem is 



95 


much more difScult than that presented by fungus pests. Consider- 
able success has been attained in seeking for varieties of crops resistant 
to fungi, but so far the success obtained agaiimt insect pests have os 
a rule been only temporary. 

The machinery for dealing with the pests amd diseases of sngari 

cane. 

The simplest method of dealing with the pests and diseases of 
any crop is to put a staff of entomologists and plant pathologists in 
charge of the work and to free them from other duties. Specialisa- 
tion is essential if the crop is really important. The setting up of a 
Sugar Committee provided with funds for invitigating the problems 
of sugar cane production makes it possible to estabfisb a central 
specialist group of Wiorkers for dealing with pests and diseases and 
to provide also tlie local staffs who can make the necessary continn- 
iiig observations and experiments ; I strongly recommend that 
this be done as soon as possible. 

The central staff would be housed at the, Delhi Institute where 
the records would be worked up, but wherever a disease or pest was 
threatening to do serious injury they would transfer to the Station 
coueemed. 

The assistance of the factories eould also be secured in making 
survej's similar to a valuable one recently completed by Dr. Haldane 
of ihe Begg Sutherland group of factories. 

Cytology. 

Chant : Rs. 29,360, to he spread over 5 years. 

A scheme has been put forward and is still under discussion for 
investigation^ into the cytology of Indian crops. 

Cjdologioal studies give valuable information to the plant breeder 
about the genetics of crops, and at the larger experimental stations 
where much hybridisation is done it ‘ is desirable that someone, 
preferably the plant breeder himself, should have learned the 
technique of making cytological examinations and extracting the 
information they can yield. This work must be done at the Stations 
where the crops are bred and studied : it cannot be carried out any- 
where else. 

The question of supporting cytological investigations at a Uni- 
versity is on a different footing. These might result in new knowledge 
of the principles of cytology, and, of course, they would stimulate the 
training of men and women in the subject, and so would indirectly 
benefit agriculture. 

Eamal. 

iSvh-Station of Ihe Imperial Besearch Jnsiiivte. Botmical Station 
of the Jmpenal Council of Agricultural Beseardh. 

(Visited November 12th, 1936.) 

Like several other experimental farms I visited, this farm ww 
not started as an agricultural station but by some other publit 
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authorities, who, finding it unnecessary or unsuitable for their needs, 
ptissed it on to the Agricultural Department. In this cose the 
founders were the military authorities. The farm has till receutlj 
been divided into two parts : 

(1) a Botanical station of the Imperial Council of Agricultural 

Ecsearch for experiments on cane sugar and wheat ; 

(2) an extension of the farm at the New Delhf Besearch Insti- 

tute to give the agriculturist more land for experiment 
and to provide further accommodation for the cattlr. 
The distance from New Dellii is 70 miles but it can be 
traversed by motor-car in about 2 hours as the road is 
very good. Xarnal is in the Punjab, but almost on tho 
border of the United Provinces 

In this report I deal only -with the first of these sections. 

Sugar cane Substation: Sugar cane investigations 

These were started in 1931 and are in charge of Messrs. B. B. 
Venkatnraman and G. V. James with a Technical Assistant. The 
annual cost is Bs 12,500 with a non-recurring grant of Be. 32,000 : 
the sanction is for 8 years making a. total of Bs. 1,32,000. 

These experiments form part of a joint scheme of work carried 
ont on uniform lines at several centres in Northern India. Three 
major problems are investigated : 

1. Varieties are sought which are better suited to the local condi- 
tions than tliose in actuM cultivation. 

2. Cultivation and manurial experiments are made with tho 
selected varieties to discover means of economically increasing their 
yields. 

3. Attempts are made to lengthen the worldng season for tho 
factories by increasing the yields of early varieties and the keeping 
qualities of late varieties, tlius making their cultivation more attractive 
to the cultivator. A special advantage of the early varieties is that 
they enable the cultivator to catch the early market for gur. 

At Kamal the Coimbatore seedlings only are tested : no crossing 
is done as only a limited number of varieties flower here. No difiSculty 
is experienced in bringing the seedlings from Coimbatore. The 
journey taltes about 72 hours but arrangements are made for the 
eeedlings to be watered and tended en route. Over 1,700 have 
already been tested It has now, however, been found possible to 
germinate seed at Karnal ; “ fluff ” is brought from Coimbatore and 
the canes raised : all stages of the selection can therefore now he done 
here. 

The seedling cones are grown first in short rows where all are 
rejected that possess such objectionable characters as a sprawling 
habit of growth, or liability to certain diseases ; the survivors are 
then grown in plots and subjected to further selection. This method 
is adopted at all centres 

The canes are planted in March, somewhat later than in many 
other places ; they do not start growing till May or June and the cold 



■Tveuther stops their growth in November ; thus there are only about 
six months of vigorous growth. 

The water supply is mainly from tlic rain, but about four Limes 
a year irrigation is neceasaiy, the water being supplied from the 
canal. 

The selection “work is carefully done and the general arrange- 
ments seemed to be quite satisfactory. 

As at other centres experiments are also being made on the 
mantifacture of gur witli a view to obtaining a brighter looldng 
product ; trial was being made of IIib3.scus as a clarifying agent. 
Tills affords a .satisfying way of utilising the experimental canes 
besides showing (he loeal cultivatoi-s how to improve tlieir own 
product. 


Botanical Sub-statiou. 

The Botanical Sub-station has been set up for experiments with 
a variety of crops on rather wider lines than tisual elsewhere. 

The work is carried out bj' jires.srs. Kashi Ram and R. B. Ekhoti 
and the total grant sanctioned ia Rs. 2,63,930. 

Experiments on Wheat. 

These experiments were started in 1930 and their purpose is to 
test the suitability of the Pusa hybrid wheats, especially the late 
maturing .sorts, for the cooler regions of the norUi and north-west. 

Some changes in tho wheats are also being attempted. The Pusa 
varieties usually grotvn liere are benrdlp.ss but the culfivntors prcfor a 
bearded wheat as being less attractive to the numerous birds and 
ntlier anim.al pests that .steal the grain. Consequently trial is being 
made of bearded wheats, and some are being bred fbr this purpose. 

Tliis work is carefully done and should be continued. 

Jiip.c . — A collection has been made of strains, and varieties of rice 
from the Punjab and "Western United Provinces and 40 pure lines 
liave been isolated : some of these arc now being te.stcd on large 
plots. 

Oram . — ^Improved varieties are sought by selection and hybridi- 
Kution. 

Other crops are, also under experiment. 

Karnal ho.s now become an out station of the Central Research 
Inslilute at Delhi and tho Council has transferred its grant to the 
Pusa Bul)-.s{ation. 


Pusa Snb-station. 

Althongh the maiji research work of Pusa 1ms been transferred 
to Delhi it is obviously imporinnt to retain n botanical .sub-station ii\ 
mrth east India and accordingly the Council is maintaining there a 
Botanical Sub-station. This should also, however, if my proposals 
uve accepted, bo taken over by the Delhi Institute. 
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Agra. 

Busts of wheat and other cereals. 

(Visited November 16th, 1936.) 

This work was started by Dr. K. C. Mehta, of the Agra College, 
m 1923, but grants from the Council were first given in 1930-31 for 
a period of three years : these were subsequently extended. During 
the course of the investigation a hill station was found to be ncces 
sary : a second laboratory was therefore set up at Simla. 

The annual grant is Es 41,920 with a non-recurring grant of 
Bs. 9,000 making a total for the three years of Rs. 1,04,980. 

Busts are among the worst of the fungus diseases of wheat, and 
cause serious losses in all the important wheat producing countries 
of the world. Three types of rust are common on wheat : 

(1) Black rust (JPuccinia graminis Pers.) which causes serious 

damage in Australia, Canada and the United States. 

(2) Brown rust (P. triticina, Eriks.) also common in Australia. 

(3) Yellow rust (P. glumanim, Eriks, and Henn.) the com- 

monest rust in England, but not found in Australia. 
All three attack wheat in India but barley is susceptible to black 
rust and yellow ruht only. The yellow rust is found only in the 
north, as it cannot tolerate hot weather, while the brown and black 
rusts occur wherever wheat is grown. These rusts, occur in a 
number of physiological strains differing in their power lof attacking 
tlie different varieties of cereals, some being much more potent than 
others. Fortunately only few of them occur in India : 6 out of 144 
known btrains of Black ritst, only 3 of which, however, are widely 
distributed -. 5 out of 65 known strains of Brown rust occur, but 
only two commonly ; and 6 out of 25 known strains of Yellow rust, 
but only 3 of these are common : a total of 17 out of 234 known 
strains. Dr. Mehta attributes this paucity of strains to the rarity 
of the alternate host plants, barberry and Thalictrum, on wliich new 
strains have been shown in America to originate by hybridisation. 

There is a clearly marked difference between the plains and the 
hills in the incidence and persistence of rust. In the plains rust does 
not appear till January or February, although the wheat is sown 
in October or November, and the conditions throughout the inter- 
vening period are favourable to the disease. The infection is there- 
fore late, and obviously not fi-om any local source. In the hills, on 
the other hand, rust may occur at any time during the growth of the 
crop and it is always found there earlier than on the plains. 

The rust fungi are propagated by spores, which, when ripe, are 
blown about by the wind. If the bpores come to rest on the leM of a 
wheat plant, and moisture is present, they germinate and send out 
a thread-like hypha which penetrates the leaf and so enters the plant. 
There are several kinds of spores, but the most important for dis- 
seminating the disease on wheat are the uredosjiores which constitute 
the reddish yellow powder seen in summer on the leaves of infected 
wheat plants. The uredospores, ho\vever, are not veiy^ resistant 
either to heat or cold, and are readily killed by the intense heat of 
Ihe Indian summer, or by very cold winter weather. A more 
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reaistant Jkind lof spore, the teleutospore, can survive severer condi' 
tious but cannot directly infect wheat. The telcutosporcs ol black 
rest can only infect barberry, and those of brown rust infect 
Thalictnim ; on tliese alternate hosts a third kind of spore is produced, 
the aecidiaspore, which can infect wheat a^ain. 

It had always been a mystery how rust survived from season 
to season on the hot northern plains where most of the %vheat is grown 
in India. The uredosporcs are killed by tlie intense heat of summer 
and therefore cannot .survive in the plains, and other spores seemed 
X'ulcd out by the absence of the alternate host plants in or near the 
plains. No alternate host plant for yellow rust is known and the 
alternate host for black rust, Herberts vulgaris and that for brown 
rust, Thalicirntn flavum, arc found only at altitudes of 8,000-' 
12,000 ft., and arc not known to be rusted till March or May, where- 
as the wheat in tlie plains is rusted in Januarj'. 

A study of the occurrence of rust in varioufe parts of India showed 
that the disease spread from the hill districts, the Nilgiris in the south 
and Nepal in the north. Uredosporcs are produced in those districts 
from September to December : they are blown by the wind and infect 
first belts of wheat on the foothills, and at a later date, the wheat 
growing out on the plains. Dr. Melita has prepared a map showing 
that in Southern India infection with black rust began in Seplem- 
her in tlio Nilgiri hill's, most of the crop being ofTccted : it spread 
to centres furtlicr north where it appeared in January and February. 
In Northern India infection of brown rust and black rust began in 
Nopal at Use end ef Dcccmher (40 per ocni. infection) while in 
Deuarcs it did not appear till the middle of January. 

In association with the Meteorological observatory at Agra he 
studied the wind currents (following the lines adopted in Conada 
and the United States) »uid showed that the winds blowing from the 
centres of infection were carrying uredosporcs. Shortly after these 
spores reached a particular wheat area, the linst infection could bo 
found in tlie crops. The spores were produced in cool conditions and 
carried by wind at high eloalion, so that thej* escaped the heat and 
remained viable. 

The rusts differ somewhat in their tolerance of hill conditions 
dependinK upon their temperature relations ; uredosporcs of yellow 
rustsurrive all the year round at high altitudes (above about 7,000 ft.) 
but they cannot survive the summer at lower altitudes, though they 
may survive tlic winter. On tJ»e other hand tlie uredosporcs of tlie 
blnek and brown rusts can survive the summer at both lower and 
Inglier altitudes, though they survive the winter only at the lower 
altitudes. 

This accounts for tlic oocnrrcnco of ru.st in the plains, but it 
does not explain how the nists survive in the two centres of infen- 
Uon, the Nilgiris and the Himalayas. Dr. Jfehta has gone into this 
question of over-summering of the fungus in these regions and con- 
cludes that on account of the comparatively cool summer there the 
uredo-spores survive on self-sown wheat plants and tillers, which are 
always present in quantity. 

"" ’ Dr. Mehta .suggests that these sources of infection nould be put 
out of action by suspending the cultivation of wheat and barley in 
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the hill districts for two or three years : ia the absence of alternate 
host planth the tungus would, he states, simply die lOut. The are^ 
under wheat and barley in the hills are only small but such drastic 
action is hardly likely to taken and indeed it might not answer as 
alternate hosts though not recorded may still be there. Instead of 
complete prohibition a good deal could be done by prohibiting the 
April-May sowings in the Nilgiris and the Palius, and the August 
and September sowing in the northern hilLs, and by destroying 
rigorously the “ volunteers ” and tillers that appear after harvest, 
and carry on the rust 

A more fea.Mble method would be to grow' only rust resistant 
\aricti «5 of wheat and barley in the hill districts The breeding 
of larietics resistant to every one of the prevalent physiological 
races of rust h<is hitherto proved impracticable in the United States 
and Canada, but may be easier in India where so few of the phy- 
siological races oceur. Attempts have been begun to breed resistant 
rarictics : this work is done at Simla. 

As soon as a suitable variety is found it should be brought into 
general use as speedily as possible. Funds from some Central 
source would probably be needed for the purpose as the hill districts 
iC they had nothing to gain by the change might feel under no 
necessity to make it. 

Sir Howland Biifcn has observed that small dos&s of lithium 
salts enable wheat to withstand rust. Esperiments should bo 
mode to see if tins holds good under Indian conditions, and if so 
wliethor it can be put to any practical use. 

Dr. Mehta’s work appeared to me to be well done and worthy 
of the support it lias received. It is an application to India of the 
investigations initiated bj* Dr. Stafcman and his co-workers in the 
United States on Rnst epidemiology and Dr. Mehta lias shown con- 
siderable ingenuity in making the necessary modifications in pro- 
cedure. lie has wisely Icept to one problem, and .so has been able to 
make much more progress than if he had scattered his energies in 
several directions. 

Other institutions visited at Agra. 

■While at Agra I took the opportunity of visiting several other 
institutions which, however, are not receiving grants from the 
Oouncil, and therefore are not reported on here. 

(1) Tlie Agra College : a teaching institution. 

(2) The Upper Air Ohservatorg — ^Ilere the officer in charge, 

Mr. Chatterji, explained the method of taking obser- 
vations at high altitudes by means of kites, balloons 
etc. At present the practical application of this work 
for aviation and general weather , forecasting but as 
the investigations develop they may be found to have 
important hearing on weather forecasting for agricul- 
tural purposes and hence the Couneil should keep itself 
informed of the progress made here. 
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(3) JBiehpuri demonstration farm. — ^Mr. C. H. Parr, the 

Deputy Director of Agrioulturo showed me the various 
trials going on. One of the most interesting is the 
growth of berseem as a catch crop on land that would 
normally be lying idle between the kharif and the rabi 
crops : this berseem is then fed to buffaloes to increase 
the milk supply. 

(4) Dyalbagh . — This colony of the Kadhaswami Community 

wjis at the time ot my visit under the leadership of 
Sahib ji Maharaj Sir ibiand Swarup,(‘) and it affords 
an interesting example of a self-contained group of 
people Ih'ing in the country in good conditions and 
' supplying a considerable part of their own needs. 

They are attempting to build up a dairy herd, using 
Holstein and Seindi cattle ajt foundation and they have 
set up a milk factory which is too large for their own 
herd and can therefore take milk from the surrounding 
villages. Dr. Wright is reporting on this. 

UHITED PROVINCES. 

The agriculture of the United Provinces is more \aried than in 
many other parts of India : there is no one dominant crop having 
the position occupied by rice in Bengal or wheat in the I’unjab : there 
are several crops of considerable importance m the Province, but 
the distribution is not uniform, and segregation of crops occurs in tne 
different districts. The western part is well irrigated b.v canals and 
tube wells : the eastern part is not, but its rainfall is higher : one 
gains the impression, liowever, that the country is poorer. 

Sugar Cane investigations. 

The United Pro\uncc.s arc by far the most important producers 
of sugar cane in India, no fewer than 1.8 million acres out of BriLisb 
India’s total of 3.36 million acres of sugar cane being grown there. 
But the crop is very localised : it is mainly concentrated in three 
regions : the Meerut district in the West, Rohilkhand in the Centre, 
and Gorakhpur in the East Each of these has a sugar caue experi- 
ment station : the chief is at Shahjahanpur in the central district. 
An important sub-station at Muzaffarnagar serves the we.stern area, 
and a becond sub-station at GoraWipur serves the eastern region ; 
unfortunately I could not visit tliis and therefore make no report on 
it. 

The Council has made a grant of Ks. 1,01,260 to be spread over hve 
years for work at the two stations Shahjahanpur and Muzaffarnagar ; 
under Mr. R. L. Sethi, the Economic Botanist to the United Pro- 
vinces. At the time of my visi^ however, the investigations were 
in the hands of Dr. B. L. Sethi. 

(a) Shahjahanpur. 

(Visited November 23rd and 24th, 1936.) 

Shahjahanpur is situated in the lower lying part of the Ganges 
plain : it has a moderate rainfall (38 inches in 1934 and 25.7 inches 


(1) Sir Anand Swamp died in June 1937. 
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in 1935) most of •which foils in June, July and August ; the highest 
temperature (about 115“P) is in May and for some SO days the 
temperature exceeds 105°P ; the lo'west temperature is in January 
but frost is rare. 

The experimental farm at Shalijahanpur is the oldest sugar cane 
experimental station in Northern India and the most important in 
the United Provinees. The programme of •work includes field experi- 
ments and physiological intrestigations with some chemical control. 

Field expeiiments. 

yarietios . — It is not possible to breed sugar cane irarieties at 
Shahjohanpur and in consequence varieties are received from 
Coimbatore. Of these, Co. 395 and 421 appear to be the best on 
richer soils and Go. 393 the most generally useful on poorer soils : 
indeed Dr. Sethi calls it the poor man’s cane because it is somewhat 
thin and is therefore less liable to be attacked by various pests than 
the thicker canes : further it is drought resistant. 

Of the early varieties Co. 350 and 385 are at present the best. 
They give less yield than the others but they ripen earlier and so they 
allow of better distribution of the cultivators’ time and of course they 
greatly facilitate the worldng of the factory. At present the factory 
pays nothing extra for early canes, but in my •new there should bo a 
premium sufilcient to make their cultivation attractive. 

Both seed and seedlings are received from Coimbatore, and 
methods have been developed for germinating the seed and raising 
seedlings here. Any of these that reach tlio stage of large scide 
experiment are desi^ated by the letters CoS : several appear to be 
promising. I was given an intere-sting table comparing the financial 
advantage to the cultivator of the new canes over the old dcsi ■varieties 
which easily explained the supplanting of the old sorts by the new : — 


Fcroannl bigbn(f aero). 




A 

1 V 

Pcsicano. Improved 




cano. 



Bs. as. 

Bs. as. 

Cost of seed, coUirntion and manuring 


.. 61 G 

65 10 

Irrigation 


7 4 

7 4 

Bent .. .. .. .. 


.. 10 0 

10 0 

Tots] cost . . 


.. C8 10 

72 14 

yield, mnnnds 


.. 260 

360 

Value of gur, 10% recovery Hs. 3 per maund . , 


.. 76 0 

160 0 

Profit 


..6 6 

32 2 


Manurial trials . — In these experiments comparison is made 
between organic and inorganic sources of nitrogen : green manure 
(sanai), farmyard manure, and neem cake being the organic, and 
sulxjhatc of ammonia the inorganic source. The residts show that 
nitrogenous manures increase the yield of cane, but potassic fertUisers 
do not, although they may effect the sucrose content and the purity 



of the juice. Tho plots TvitliOQt manure yield about 600 mounds of 
green cane per acre, tliose ■with manure yield up to 1,000 maunds. 

One iutcrcating result is that green manure supplying about 60 lb. 
of nitrogen per acre seems to have the same cfTect as a dressing of 
270 maunds of molasses per aero indicating that 1 ton of molasses 
supplies to the crop 6 lb. of nitrogen, i.e., 0.3 per cent, of its •weight. 
In view of the important problem of molasses utilisation this figure 
needs confirming. 

There arc several scries of these experiments : they should be 
continued for two or three years longer and then replaced by a more 
comprehensive scheme which \vould give fuller information. A com- 
plex factorial experiment containing 3 types of ■watering (■where the 
mechanical diilercnccs arc not too great), 3 levels of nitrogen 
dressings, 3 kinds of nitrogenous manure : tasted on 3 varieties ■w’ould 
give very complete information as to the different reaction of varieties 
to differeneas in manuring and ■watering (^). A suitable lay-out is 
given on page 106. 

A good deal of analj'tieal ■work is done on the cane and now that 
the preliminary tests are over T recommend that the question, of 
sampling he thoroughly invc-stigated. Chemical nnaljms is worthless, 
and may even be misleading, unless the sample fairly reprc.scnts the 
bulk lof the material, and in the cfisc of sugar cane it is difficult to 
ensure this. The inve.sligatjon should he done jointly by tho 
Statistician and the Gtiomist : it would form part of the coinpre- 
hen.sive investigation on sampling that I have recommended .should 
be centred at the Delhi Institute. 

Physiological Experiments. 

The distinctive feature of the investigations hero Is that they 
include a physiological section recently started under the charge of 
Dr, Mathur late of the Imperial College of Science, Loudon, and of 
the Kofhnmstcd Experimental Station. Tina work at present con- 
sists of tivo parts ; a detailed study in pot experiments of the effects 
of fertilizers on the growing plant, the lines being sub.s(anUally the 
same as those developed by Dr. P, G. Gregory ; and a study of the 
water relationships of the plant. These two problems arc ample for 
one section and I strongly reeomraend that nothing more be added 
to the programme. 

(b) Muxaffamagar Sub-station. 

(Visited November ISth, 1036.) 

« 

This Bub-fitation seires tho western part of the province : the 
upper " doab ’* between the -lumna and the Ganges, an intensively 
cultivated region well .supplied ■with sugar factories -which stroteh 
in a ebnin from Sabnranpur to Delhi. 

Tor naDiimblo examples of c 3 q>crimonts of tWs ^o, sro tho napora of 
F CrowtJicr, 3Jnl). No. 25, Tech. Series. Itoy. Atfrie- Soc., SfO-pt^nSO, “ Expori- 
m'ento in Ugrpt of the Intorni'tlon of J^nntors in Crop GroiUh, lIT, Tho offeela 
of viirictT sparing, nitrogen and wafer nnpply on Povelopmont of tho Coftor, 
plant and tlio rato of its ohsorptioo of nitrogonoua FortlJiser 
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The Station is about 180 miles north rrest of Shahjahanpur but 
stands much higher ; its climate is drier and more severe : the annual 
rainfall is about 29 inches and the temperature range is from about 
25® F. to 110® F. and in winter frosts are fairly frequent so that tlie 
frost resistance of canes can be tested here. The climatic conditions 
are not unlike tliose at Karnal, whicli is indeed is only about 50 miles 
to the west. 

The farm has been established for some time but the Council’s 
sugar cane experiments were started only in 1934. The two main 
purposes arc to test canes received from Coimbatore and Sliahjahan- 
pur so as to sec how far they are suited to this Gangctic canal area. 
Co. 385 appears at present to be the best early cane ; Co. 312 the best 
medium cone under moderate conditions of soil, irrigation and, 
manuring ,* Co. 421 and 331 seem promising in richer conditions, while 
Co. 331 seems better in water-logged soils. 

Search is also made for good late varieties of cane but the local 
agricultural conditions are not at present very suitable for these, 
since the harvesting clashes "with the harvesting of wheat. Moreover 
it is not yet clear that the factories would find later crushing profit- 
able ; their officers state that tJicy have no control otcr the liarivstiiig 
and high j'ields of immature cane arc likely to be obtained h\ the 
grower and passed on to the factoiy. In spite of these difficulties, 
however, the production and selection of late canes must be continued : 
if later cancs are to bo grown at oil the cultivator must obviously 
liave the most profitable. 

Mr. P. W. Marsh, the Commissioner for the Meerut Division, 
told mo that the work done m the province on sugar eanc varieties 
has got through to the cultivator so effectively that nearly the whole 
area is now under improved varieties 

Fertiliser Experivients . — ^Thesc are on similar lines to those at 
Shahjahanpur and the results up to the present arc of the same 
order, though only tw'o years data are available, the 1933-34 ciop 
having been largely destroyed by insect pests. The maximum effect 
is obtained with 60 lb. nitrogen per acre. Molasses applied ns 
fertilizer gave the same results ns an equal weight of farmyard 
manure, bo’fh being applied at the rate of 200 maunds (about 7 tons) 
per acre. Neither potassio nor phosphatic fertiliser increased the 
3’ields in these experiments. 

The purity of the juice differs in the different varieties, but it 
tends to be lowered by nitrogenous manure. 

The green manure experiments show that sawat increased tho 
yield of cane, and that it can conveniently and advantageously be 
grown after cotton and before sugar cane, instead of leaving the land 
bare as at present : this sequence : cotton ; sugar cane, is not unusual 
in this region. 

Other experiments deal with times of sowing, spacing, times of 
applying fertilizers, and varions modes of irrigation. Five irriga 
tions seemed to give the nest results ; fiO.OOO to 120,000 gallons per 
acre had been given to the highest yielding plots. 
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Entomological Investigations. 

These are a special feature of the work at Muzaifamagar : they 
are carried out by Mr. It. J^. Gupta. Insect pests in these western 
distiicte of the United Provinces appear to be worse than elsewhere 
and with the spread of sugar cone cultivation the problems oi pests 
and diseases have become still more serious. 1 was informed that in 
1934-35 most of 456 factories in the Meerut division had to close down 
early in the season on account of poor deliveries of sugar cane. There 
were heavy infestations by the Stem Borer (Argyria sticticrespis) 
before monsoon rains, by the Top borer {Sciropopkaga mvclla) after 
monsoon rains by the Boot borer {Emmalocera depressella) in Augdst, 
by the leaf hopper and by the Pyrilla and ^^te fly from the com- 
mencement of monsoon rains till tiie beginning of winter, in addition 
to altaclcs of termites. Something like a quarter oi the crop was 
destroyed by stem borer in June before the actual cane formation 
began, and by harvest time the remainder suffered 50 per cent, 
or more infestation with top borer, in addition to the damage 
done by pyi-illa and white fly. 

Varieties differ in their susceptibility to attack ind it is always 
possible to select canes less liable to suffer thau others gi’oudng near 
to them. It remains to he seen how far this is a practicable method 
of control ; if only a few growers used the less susceptible canes 
they might escape, the insects prefm*ing the more susceptible varie- 
ties grown by their neighbours. But if all the growers in a particu- 
lar region grew the Ie.ss susceptible canes the insects might simply 
adapt themselves to the change and for want of anjiihing better, 
attack 41x0 new canes. That, at any rate has been the usual experi- 
ence elsewhere. 

The programme of investigations includes (i) the study of altet - 
native food plants from which infestation is possible ; {ii) the rela- 
tion of time of planting to incidence, of pest attack ; (nf) the rela- 
tion of germinatioii, tillering and growth to pest attack ; (w) the 
behaviour of different varieties of cane. 

It is very desirable 4o investigate fully the conditions under 
which the insect pests multiply and do damage. Spraying and 
direct control methods are impracticable and breeding of resistant, 
varieties is of limited application, but a Imowledge of the conditions 
under wbicb damage i.s done may enable the agriculturist to advisr 
as to methods for reducing loss to a minimum. Pliosphatie fertilizers 
appeared to decrease susceptibility to attack by the top borer, but on 
the other hand w’aterlogging of the soil appears to increase the suscep- 
tibility. Second or third year ratoons harbour pests badly. 

Various parasites of the borers have been found parasitising 
either tlie egg or the caterpillar, but it remains to be seen wbctLei 
they c,in he made to play any important part in control. Some control 
of icaf hopper.'! {Pyrilln) was effected by collecting the adulivS and the 
nymphs in hand nets from the young crop and also by collecting egg 
masses from -4pril onwards, and stripping and removing the dry 
leaves each month from September' onwards. 

H.S0ICAR 
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NOTE BT ME. F. YATES, 
MENT EOXHAMSTED 


TTTgAn OF STATISTICAL DEPART- 
EXPERIMENTAL STATION 


Design for a combined experiment on varieties, quantities and 
lorms of Nitrogen, and their interaction with irrigation 
Four Course Rotation, including two years Sugar Cane. 

It IS recommended that a factorial design including all combina- 
tions of tlnee varieties, three levels ol irrigation, three levels of Nitro- 
gen and tliree forms of Nitrogen be adopted. This will give 81 treat- 
ment combinations, which can conveniently be arranged in a 9 X 9 
quasi-Latin square m uliicli the whole of each row is subjected to the 
same irrigation treatment. A sqnaie of this type is shown in the 
accompunjing diagram, a, h and <• being the tliree levels of irriga- 
tion, and p q, and r the three varieties ; the numbers 1—9 indicate the 
quantity and form of Nitrogen according to the tables : 
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If the lowest level of n is zero then, treatments 1, 2 and 3 will be 
ideaticnl If desired the levels of farmyard manure may bo liigher 
than sulphate of ammonia and cake, e g., farmyard manure at 0, 60 and 
120 lbs N. per acre and sulphate of ammonia and cake at 0, 40 and 
80 lbs. N. per acre. 

Study of the above design will show that all combinations ot 
any two factors (except irrigation) occur once and once only in evoi'y 
row and erory column. Thus the effect of any one factor (except 
irrigation), averaged over all levels of the other factors, is free from 
all row or column effects .- the same npjilies to all interactions between 
two factors (including iirigationl. 

The advantages of factorial design arc eonsirterablc in such a 
ease ns 4116 present in wliich irrigation is likely to affect both 
response to Nitrogen and the difference between varieties, and in whicli 
the different varieties are likely to rc-spond differently to different 
Quantities and forms of Nitrogen. 

The experiment should clearly be a permanent one, being car- 
ried on for several years on the some plots in order to measure cumu- 
lative effects. As in all Rotation Experiments it would be best to 
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liave one set of plots in each phase of the experiment, t.e. four 9 X ^ 
squares in all at each place. A reasonable compromise in this case, 
however, would be to use two 9X9 squares started at twoyear 
iiiten'als. Thus one square would be under sugar cane in every year. 
A set of such trials carried out simultaneously at three or more 
centres would make a really good experiment. In laying down addi- 
tional squarasf either at the same place or in different places the 
square given above should be re-randomized by rearranging first the 
row (including irrigation treatments) and then the columns amongst 
themselves in random order. It will also be better if the four differ- 
ent kej's given below are used in turn for the numbers 1 — 9. These 
keys being ; 
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Methods of computation are given in : Imperial Bureau Soil 
Science, Technical Communication 35. “ The Ue^gn and Analysis 
of Factox’ial Experiments”. F. Tates. (In the Press). 


Cawnpore. 

Itesearch and Testing Station for the Indigenous System of Gur 
and Sugar Manufacture. 

Grant : Ks. 1.67,380 to be spread over 5 years. 

In spite of the great developments of the cane sugar_ industry 
Bomething like 80 per cent, of the sugar cane groxvn in India is worked 
tip in the villages either into Gtu: or Khandsari sugar. The pro- 
cesses are verj’' wasteful ; the mills are inefScient and the recovery 
from the cane does not usually exceed 60 per cent, of the total sugar 
jtresent. It is of course impossible to hope for the high standard 
of efficiency attainable in a well conducted factory, but there is room 
for considerable improvement on the present methods. , 

A station has therefore been set up at Bilari in the Moradabad 
district with the purpose of improving the village processes, and it 
is proposed to study the possibility of using small vacuum pans in 
the village factories and of improving in other ways the making of 
gur and sugar. 

A somewhat similar investigation is being carried out at Patna, 
but on a much smaller scale. 

I had no opportunity of seeing this work but 1 recognise its im- 
portance having seen a good deal of the making of Gur in the 
villages. 
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Improved Juice Boiling Bel. 

Qbant : Bs. 3, 440. 

Tihis work was carried out at the Nagalia farm of liala 
Sahai Gupta ; it is purely technological, and I am not in a position 
to express an opinion about it. 


SUGAB BBSBABCH mSTmjTB. 

The Harcourt Butler Technological Institute, Cawnporc, 
(Visited Fchmary 10-12th. 1937.) 

This Institute, opened in 1921, adjoins the Agricultural College. 
It has four departments : General Chemistry, Oil, Sugar and 
Leather. 

As soon as it was decided to develop the sugar industry of India, 
it was recognised that investigations would he needed on the techno- 
logical just as mnch as on the acrienltural side, and that sound dis- 
interested advice must be available for the factories. Further, it was 
necessary to sot up standards tor different grades or qualities of the 
sugar and to arrange for specifications to which the factories must 
eonfonn 

Accordingly the Council sot np a Sugar licseareh Institute and 
placed it at the UaTcourt Butler Technological Institute The deci- 
sion was sound, as the Institute has good facilities for teohnological 
work and has acquired experience in connection v ith otlier inducstvics. 
These technological investigations sliould at an early stage bo handed 
over to a Central Sugar Committee 

The Dii’octor of the Sugar Research Institute is Mr. E C, 
Srivastava and the Staff consists of a Professor of Sngar Engineer- 
ing now being selected ; the Professor of Sugar Tcelinology, Sir. Van 
der lleyden, a very competent Dutch expert who has come hero from 
Java ; four assistant Professors and two research chemists. The 
Statistical Assistant is Mr. P. V. Sulvbatme. 

Experimental Sngar Plant and Training of Candidates. 

Grans ; Es. 2,25,000 spread over 5 years. 

The duties of the sugar teclinologist are to advise sugar factory 
owners on difiScultics that have arisen in the course of their work, 
to advise promoters of new sugar factories in regard to the selection 
of the site, the lay-out, machinery, etc,, and to cany out experimental 
work with the ohjeet of improving factory practice. In order that 
this may he done effectively an Experimental Factory has been set 
no at the Institute where factory problem-S can be studied on a semi- 
commercial scale. 

Provision has also been made for tbc training of sugar techno- 
logists. Students are received from all parts of India hnt the Gov- 
ernment of the Dnitcd Provinces has tlie first claim to 20 per cent- 
of the places. 
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A Bureau of Sugar Standards. 

Grant : Rs. 32, CIO, spread over a period of 5 years. 

in sugar industry on a sound basis 

purpose a central body is obviously necessary 
P!;o^'>sion for the establishment of a Bureau 
01 Sugar Standards at the Sug.ar Institute. 

The functions of the Bureau are ; 


3. Preiiaring and suppljung sugar standards, 

2, Maintaining a ZMuseum of sujiplics of sugar and other sugar 
produets. 


3. Publishing annual revievrs dealing with the quality of 
Indian sugars and of competitive foreign sugars. 

As soon as the procedure and methods have been worked out the 
Bureau wut become an administrative rather than a reseurcli orgauisa- 
.?? slionld Iherefore no longer be supported out of the Coun- 
cil’s funds 


Statistical Branch. 

The stiiti^tical work of the Institute falls into two parts ; 

1. the collection of statistical data in regard to the ludustiy : 

2. advising' in I'cgard to the design of experimenU made in the 

factories on various technological problems. 

^ In order to avoid tbe possibility of apjjarently conflicting advice, 
designs of experiments should be eirculated to the Council’s Statisti- 
cian and 1o Professor Sfnhalanobis for information and cimmcnt. 

Utilisation of Molasses. 

Approximatel.i' half a million tons of molasses arc produced 
anmiall}' in India, and it is important >lo find some method cf utilisa- 
tion. 

Four methods are being studied ; 

(1) For snrfacino viriallcd roads , — Considerable lengths of 

roads have been treated and the results seem promising, 
l)ut it remain.s to be seen liow long the effect lasts. 

(2) A.S /er/j/iVcr.—Experimpnts in several of the agricultural 

experiment sUiticns have shomi that molasses has 
distinct value ns fertilizer in some circumstances, though 
not in others. Successes are recorded at Shnlijahaniuir. 
MnzatTnmagar, Naginn and Bangalore ; on the other 
hand, negative results were obtained at Padegaon and 
Risnlewaln. 

(3) Converswn info industrial alcohol , — At first sight this is 

the simplest method rf handling the molasses, as it could 
he done at the sugar factory, and would help in the 
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spread-over of the work ; it requires no new organisa- 
tion but only an extension of the existing factory orgaui- 
sation and it presents no specially difScult problems to 
the teolinologists. suitable methods being already well 
known. Indeed it is understood that the Gorernmeut 
Central Distillery, Nasik Road, contracts for the vliole 
of the molasses of some of the sugar factories. There 
are, however, economic and excise difficulties in the way 
of unlimited extension of this method. 

(4) Preparation of a cattle food . — A grant of Rs. 10,000 spread 
over 2 years has been given for investigating this po'-si- 
bility, the trial foodstuflfe being prepared at the Insti- 
tute and tested at several of the noraiem agricuitiiral 
experimental stations 

Bagasse sureenings from the cane are dried and mixed with 
boiled molasses and sources of protein such as Chuni, mustard cake 
or ground-nut cake, then pressed into cakes. These contain approxi- 
mately 17 per cent, protein and 62 per cent, carbohydrate. No lecd- 
ing results arc available as yet, but European experience ivith this 
t,’'pe of food show.? that it can be made to give veiy good results. 

Other possibilities. 

Another method unien 1 suggest ihould also be tried is to utilise 
tlie molasses for growing yeast. Some of these are good ealtle food ; 
they are rich in protein and otlier valuable mutrients and there 
should bo no tliflleulty in growing them at the factor}'. Tins method 
was used in Germany during the war aiid is attractins attention 
again, now that the polio.v of national self-sufficiency is developing. 

At the sugar factory in IMysore remainder yeast grown in molasses 
was readily taken by farmers. (*) and it seems desirable to experi- 
ment vuth other t}’pes also. 

In western countries molasses added to grass or other green 
fodder as it is put into the silo improves the quality oi the resulting 
silage. Experiments on tlieso lines should be tried. 

In western countries also molasses has various other industrial 
purposes : it is used for making solvents and the shock absorber 
and ” antifreeze " fluids associated with the motor car industry : 
as yet these uses arc unimportant in India. 

Oil Section. 

Grant : Rs. 90,000 for 3 years. 

The work of this section consists in training students, in render- 
ing tedmical assistance and advice to the industry and in cariying 
nut investigations of technological importance, such as the bleaching of 
certain oils for technical use. The Council has decided to hand 
over this subject of Oil Technol<^ to the Indusirial Research 
Bureau, a decision in which I entirely concur. 

(1) For Araancan experience nith this kind of yeast, see Brouahton and 
Piy, SlnTylond Agric. Evpt St- Bull , 340, 
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Cotton-seed crushing ; supply of decorticated cake fcr education 

and propaganda. 

Grant : Es. 10,000 spread over 3 years. 

This ■work is not yet begun. Its purpose is to take over decorti- 
cated cotton cake made at the Hareourt-Butler Technological Insti- 
tute, and supply it to the Officers of the Agiicultural Dp<).iitiuonts, 
xOr VI experiments and demonstrations on dep^U'tniental 
farms. 

At the present time the large amount of cotton seed produced in 
India is not fully utilised. A little is exported to Great Britain and 
other countries as raw material for the oil and feeding sUifi's 
indu^rics, hut nearly all of it is fed direct to cattle, which involves 
y/osting a good deal of tlie oil. The establishment of an oil industry 
in India would necc'-sitatc llie creation of a marlcet for the decorti- 
cated cotton cake and this requires much preliminary demonstration 
work among fai’mers. 

Oil seeds crops are studied at the Cawnpore Agrieulhn'..! College 
with a view to classification and improvement. The work is in some 
respects similar to that being done at Lyallpnr and the workers should 
keep toucli with one another. 

Nagina Eice Research Station. (United Provinces.) 

(Visited November 22nd, 1936.) 

Paddy occupies million acres in the United Provinces princi- 
pally in the northern and eastern parts and the early varieties in 
particular are widely cultivated. 

In spite of this large acreage, however, the United Provinces do 
not produce all the rice consumed, and there is in consequence an 
importation which the Department is trjdng to avoid by increasing 
the ])coduction in the districts irrigated by the recently constructed 
Sarcla Canal. 

The experiments are in general charge of Mr. R. L. Sethi. Econo- 
mic Botanist (Sugar Cane and Paddy) to the United Provinces 
Government ; the local officer is Dr. B. L. Sethi, the Assist uiit Padd.\ 
specialist, with two research assistants, Messrs. T. R. Mehta and 
P. S. Gupta : the farm superintendent is Babu Sanjai Singh. The 
amount of the Council’s grant is Rs. 1,39,660, spread over five years. 

TJie Nagina farm was established in 3932 as the paddv breeding 
station of the United Provincc-s ; it is about 50 miles east of MuzafiCar- 
nagar almost in a line with Kamal which lies 50 miles to the west. 
It is a district wdl-known for its early types of nee, including 
Basmati, claimed as the best table rice in India. It is about 344 miles 
from anotlicr i-ice experiment station, Kala Shah Kakn in the Punjab. 

The work consists in seeking for eai’ly varieties of good yield and 
higlt quality. This necessitates the possession of a considerable 
collection of strains and fortunately one had already been started in 
the United Provinces by Mr. R. L. Sethi in 1924 : he collected some 
1,200 samples from the different regions and from these isolated 135 



types possessing coiislant clnusielers. Others Imve since been addc> 
to the collection and now a considcidblc number o£ strains are grown 
at Nugina Tlie importance of carlincss arises from the circumstance 
that lice is a kharif crop, sown in June or early July bcfoic the rains, 
and harvested from Sopiember to December according as tlic variety 
is early or late : if it can be cleared by October giam can be sown as 
a rail, crop : if by Noveiubcr, wlicat or peas can be sov.ii, but if it 
remains on the ground (ill Deeeinber noliiing cati be sown ami the land 
must bi loft idle till the following June, unless a green iniiniuo crop. 
saiiai, can be sown in Ajiiil oi May. Tlic sowing of an c.nly variety 
tbcretorc permits the growing of a rabi crop. 

Oil the oilier band late surielio^ give 10 to 20 per cent, or more 
higher yield than <lo the earlj- varieties, and there are regions, eg., 
the submontane regions liable to flood and the eastern distnets 
wbeie late varieties alone can be cultivated. 

A further ndi'antage of the early vnrielics is that they commonly 
escape the serious pe.st leptocorLa varicorim, locally called Gandi, 
wliieb from mid August to mid October, but csiiccially during Sep- 
tember, .attacks any young grain tliat is still in the green millcy stage. 

Pbirliiiess, however, does not invariably ensure immmut.v from 
Gnndi : laic varieties sometimes escape more completely Ibrougb not 
being siiflicieutly advanced at the time wlien the insect is read}*. 

The only iinranne rice is the local Sathi, (CO day), a poor yield- 
ing early sort but with the great advantage over the good commer- 
cial \arietics that the panicle is enclosed .so that the insect cannot 
penctiale to the grain. This f'othi W’os cros>cd in 1029 o’itb better 
jdcuUng varieties so ns to obtain now sorts combining high yield and 
good gu.sHty with the enclosed panicle and conwquent immunif.v to 
GoiiJi The P. 5 generation has now been obtained, and has yielded 
cnllures, apparently fixed niid pure, in wbtcb the panieb* remains 
enclosed during the green tnillo' .stage and then opens out giving grain 
in large quantify and of high quality. 

fn conncetioii wilb this selection and bybridisnfiori Dr. Sethi 
1ms been intermittently earr.ving out ej’tologieal investigations It 
is unreasonable to expect resnlJs in these conditions and if be is stay- 
ing on I .should recommend the appointment of a spceiid assistant 
trained in cytologj- to do the actual work. 

There arc a number of mnnnrial experimcnls which arc well 
designed and well laid out They show the value of green manuring 
wiili .‘^anai : this is superior to sulplintc of ammonia sviiirii in turn 
is *.Hperjor to nil rate of soda. Ollier experiments deal wdth the time 
of iil.mting, vnrj’ing also the age of the transplanicd seedlings ; these 
indicate, as usual, that the late varieties ripen at roughly the same 
time whenever they are sown. ue„ their time of ripening is fi-xed ; 
while the early varieties ripen earlier or later according lo the time 
of sowing, 1 .C , their period of growth is fixed. Earlier ripening of 
early ripening varieties can he secured by earlier sowing, but earlier 
ripening of late varieties cannot. Experiments are being made to 
sec if earlier ripening can be obtained bj' vernalization, but so far 
the attempts have been without suceos 
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-fLe rTsuirofinT" of the shedding of rice at harvest time, 

result of each separate gram being on its own little stalk is 

cojiirolkbie^^"**^*^”' character is varietal and is probably 


J infrcquenlly, file yields obtained on the farm 

here are 3o-^5 maunds per acre as against the peasants’ uel.l of 

nvTr V. maunds for late sorts. 

For wheat the yield on the farm is 20-25 maunds per acre as against 
tJie peasants’ average of 11. t- & 


Work is also in progress on the hulling and cooking quality of 
rice and^ on the possibility of improving the storage. Consumers 
prefer nee that has been slored for some monihs and will not eat 
nevT^ricp it llipy can ailord Ihp older prrain. A ponsider.*ible qnanlity 
of rice is held in the villages and basaans in tins, boxes, gunny bags, 
carfhesi ,iars, etc., for periods up to three years Attempts 
are being made to improve the storage. This port of -the 
work* particularly that dealing uritli hulling and cooking quality, 
is necessarily vague and indefinite and should be regarded simply as 
a minor adjunct to the breeding and selection. 

T]io_ field work is well carried out. The records arc elaborate 
and their collection takes up mneb of the time of Dr. Rctlii and 
Jlr. Mehta, with such assistance as they can get from their small 
staff. This is inevitable. But fhej' arc in addition called upon to 
work out the^ detailed compvitations involved in the statistical ealenla- 
tions. This is an luieconomie use of their time, and it would certainly 
be an advantage to give them help on this computing side. I under- 
stand that graduates could be obtained at a relativelr low salary 
who would be sufficiently tnistwortby and who, if provided with a hand 
calcnlnting machine, could do all the necessary oalcnlatious. 

It would also be an advantage to appoint an analyst who could 
under direction follow ■the changes in nitrate and ammonia content 
of the soils of the more important plots during the year ; this might 
furni'-h the clue to some of the differences obtained in different years 
on the manurial plots. 


The Conncil, has no experiments in the eastern part of the pro- 
vince. 


Barley. 

The barley grown in India is almost entirely fi-rowed ; the 
2-rowed varieties whie,h are usually in larger demand for brewing 
do not as a rule give snfficiontlv good Yields to justify their growth. 
Barley is almost entirely confined to Northern India, and out of a 
total of million aores, more than 4 million are grown in the 
United Provinces and nearly 1^ million in Bihar and Orissa ; over 
600.000 ae.res arc grown in the Pnninb and ISO.OOO acres in the 
North-West Frontier Province. Much of its importance lies in the 
circumstance that if well suited for malting, it commands a price 
far higher than it could obtain if sold for food, the difference being 
sometimes as much ns 50 or oven in spee.ial cases 100 per cent. 
Assuming prices of this order could be obtained, barley would 
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make a pood cash crop, as it can be grown in the rabi season and 
without much expense. 

For many years barley has been exported to England and 
samples have been periodically purchased by maltsters. But they 
had several defects : rather poor quality, serious contamination 
with weed and other seeds, and they have of late years been in- 
fested with the Khapra beetle, Trogoderma grananwni(^), which 
if introduced into maltings in England, causes very serious trouble. 
In all the above named provinces experiments have been made for 
the improvement of barley varieties, and, in order to ascertain 
whether the new sorts were better than the old, a number of 
samples of barlev were sent from the Experiment Stations to the 
Institute of Brewing, London, and examined hy their experts. 
The reports showed that some of these samples were distinetiy 
better than the usual market supply and if available in commercial 
quantities would probably find a ready sale. 

In 19.14, the Council made grants to the Departments of the 
above three provinces : Ks. 6,000 each to the Punjab, Bihar and 
Orissa and lis 4,600 to the United Provinces, to run over a period 
of 3 years for the continuance of this work. A considerable 
number of samples have been examined under this arrangement 
and the general trend of the rcpoi-ts is that while they do 
not come up to the high class English 2 rowed barleys, some would 
compare fnvouiabl.v with the 6-rowed Californian barleys, of which 
a considerable quantity is used in English breweries, while others 
of lower grade would be acceptable to ilistillers. The price 
obtained for the Californian barter is well above that for feeding 
barley, though not usually as high as that obtained hy the first 
class samples of English malting barley 

The two types of barley, 2-rowed and 6-iowcd, are not inter- 
changeable and seiwe somewhat different purposes in the brewing 
process ; somewhat different properties are therefore required 
Many brewers recognise in the Californian 6-rowed barley bometliing 
which thej’’ call " sun ” which they consider can be obtained only 
in countries where the crop has been grown in full sunshine ; 
further, the fibre in the grain either by virtue of its amount or 
of some special property facilitates work in the mash tub. What- 
ever the Californian properties may be, however, the experts of 
the Institute of Brewing find that the best of the Indian barleys 
sent recently possess them to a considerable degree so that some of 
the recent samples compare favourably with the best imported 
Californian barley. 

Most of them, however, are not quite so attractive in appear- 
ance as the best Californian samples. The difference is largely 
on the surface, for the reports repeatedly state that the malt was 
better than had been expected from the appearance of the barley. 
The proteins in Indian barley apparently have less harmful effects 
on malting quality than those of the ordinary English or Cali- 
fornian barleys ; the Indian barleys modify better and yield 
higher extract than these other barleys of similar nitrogen eon- 
tent. dearly in purchasing Indian barley the standards would 

(1) This IS the name usual in the publientions of the Xmpcml Sntomologieiil 
Xnatitnto, hut T. Uiapta is commonly nsccL In India, 
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have to differ from those used in purohasinp Californian barley. 
A little time -would, probably be necessarj’^ to allow the brewers to 
adapt themselves to these differences in appearance and constitu- 
tion. and so long as Californian barley remains available in large 
quantities, it would probably be preferred by the average buyer, 
partly because the staff know how to deal with it. partly because 
of its better appearance. 

There are, however, indications that Californian barley is not 
likely to remain in its present important position in the English 
market. Now that prohibition is repealed in America, the manu- 
facture of beer is developing, and the demand for Californian 
barley is increasing both in the eastern and western States. In 
any attempts to take the place of Californian or Mediterranean 
barley the Indian barley would have a substantial price advantage 
in the 10 per cent, nd valorem duly imposed on non-Empire 
barle 3 ’s, from which India is exempt, and moreover there are 
many brewers who would like to announce that theirs was an all- 
Empiro beer. It is reasonable to expect that these factors should 
help matoriallv in hubstituting Indian for Californian barley on 
the English market, if on its merits it deserved the place. The 
only important competitors so far arc the Australian G-rowed 
barlej'^s, .some of which are like the Califoi'iiiaji, and those gro-wn 
bj' British farmoi-s avIio are now experimenting -witli 6-rowed 
barlej'S with a view to securing this market thcm-selvcs. Suitable 
%'ariotics hardly exist, at present, but will possibly be found : it 
remains to he seen, however, whether the necessaiT qualities can 
be obtained in a season of but little sunshine. 

It is (liffleult to saj’ hou' large this market might heeorae. At 
present well under one million quarters (=200,000 tons) of 
Cnliforni.sn barle.v are used annuallj', and it is improbable that 
the whole of this could be replaced. Up to the present C.-251 
has been the best of the United Provinces’ barleys, and there as 
little question that if consignments like the samples recently sent 
froju Raya (Jluttra) (193G crop) eould be supplied in quantity, 
thej' woaild liud a ready market. But this same variety grown 
elsewhere as’as not so siiceessful, and clearly the soil and climatic 
conditions play an important part. 

Other samples were considered by the exports to be compar- 
able with Chilian forage barleys which, -while used bj'- some 
maltsters in Englaiad, do not command such high prices as 
Californian. 

I recommend therefore that the efforts for improvement 
should be. oonoentrated on the 6-ro-v\'ed barlej’S -witb a view to 
capturing the share of the market at present held by Californian 
barlo,vs. 

Unfortunately there is no simple test that can he applied 
locally and in consequence it will he necessary for some time to come 
to send samples to the Institute of Brewing for valiaation. The 
nitrogen percentage and Bishop’s Extract Scale (^) give a first 
approximation hut if the -iv ork is being developed, it seems desir - 

(I) Journal Instit,, Browing, 1936, Vol. 42, p. 107. 
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able lo send nji officer to Enafland to study the market require- 
nieutb so that lie could uinkc the first selections in India. It would, 
still be necessary to send the final samples to the Institute of 
Brewin;; before recominenditit' their multiplication on a larcco 
scale It must be emphasised, however, that no permanent trade 
ir Indian barlej's can he developed until the shipments ean be 
fjuaranleed free from Khapra beetle 

There is a certain demand in India for m.iltinpf barley, and 
some districts, such ns Roivari and Fariiikhabad in the United 
Provinces, are ah-cady well known in India for supplyin" f?ood 
samples The possibility of nianufaeiurinf; malted foods should 
also be examined. 


Fibre Plants, 

Sunn Hemp, Oawnpore. 

QR.VNT : Ks. 34,226 for 3 years. 

Schemes dcaliiiq witli Sunn hcni)) are in proffress in the 
United Provinces, Madras, Bombay*, Bihar and the Central Pro- 
vinces, the Rcacral prORramine beinR similar at all the centres, 
thoupfh there are differences in detail. As the United Provinces 
are the chief producers and exporters of raw hemp in India 
special stress is laid on the retting and the treatment of the fibre. 
Preliminary c.'cperlmcnts show that the c.xistin(? methods can be 
considerably improved and the rcsnllinK fibre is worth much more 
than that now produced. 

Utilisation of Linseed Fibre. 

GnAJ,T i Its. 33,000 to bo spread over 3 years. 

The work has not yet begun. 

In flax growing countries H is recognised that the production 
of flax cannot be combined effectively with the production of oil, 
as no variety of linseed is known which possesses the triple quali- 
fications of producing high yield of oil, high yield of a good flax 
fibre, and good agricultural properties The Indian oil varieties, how- 
ever, produce a short fibre for which it is believed a market can 
he loiind The purpose of this investigation is to investigate the 
possibility of extracting this fibre thereby making the crop more 
profitable. 

If a definite outlet is found for the fibre this work could bo 
undertaken, but if not, I recommend that the scheme be dropped. 

The Oawnpore Agricultural College. 

While at Cawiipore I took the opportunity of visiting the 
Agneulluiml College, an active institution where much teaching 
is done It is claimed that an important percentage of the stu- 
dents go in for practical farming after they have completed their 
course. 
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The Experimental Fam. 

(Visited, Fcbniary 10th-12th, 1937.1 

A large area is under experiment and an extended pro- 
gramme is carried out under the efficient supervision of Mr, P. B. 
llichards. 

While here I saw the sad sight of a large area of arhax cut 
down by frost. It is rapidly becoming possible to issue frost 
warnings bj' wireless and it seems desirable to experiment with 
smudge fires and other deuces for minimising frost damage, so os 
to see if they liave any economic value in these regions liable to 
frost. 

Fruit Research : Chaubattia Station. 

It 1ms long been known that fruit would grow v.*ell in the 
Kumnou Hills, and as lonu ago as 1870 a Oovernment Orchard 
was started at Ohauballia ; others followed TJ\en. for ii time, 
interest dicfl down j it revived, htnvever, with the (b*velopmenl 
of ehcti]) and relati\clv rapid motor transport, and fiom 191S 
fruit gi‘Owi7)g heeanie more active and the orchords arc now 
increasing in numhci’. 

All the ordinal y English fruit can he grown here and there 
is reason to believe that a good fruit indnstry could bo developed. 

The old Government fruit farm has now become the United 
Provinces Hfntion for research on iengierate fruits and a grant 
of lis. 1.(30,780 spread over T> .yeiirs has been given. I was not able 
to visit it b«( reports on the work were submitted. 

Tlie soil investigations include btudie.s of the suitability of 
the different .soil t.vpes for different varieties of fruits, and 
attempts to trace out an.v conneetions that may exist between soil 
conditions and incidence of diseases. 

'I'lie cntomologienl work consists hirgcly in making a tree by 
free survey with the tmrpose of acquiring a detailed knowledge 
of the ineidcnecs of post attacks and correlation of these with soil 
conditions. This method seems to mo to be very sound and likely 
to give A'alnable results. 

I’lie Mycologist is studying certain spoeifio diseases ; collar 
rot of apples, etc. 

The borticnltural cxjicrimcnfs include scarcli for suitable 
apple stocks, methods of propagation and managentent, pruning, 
mulehing, etc. 

A.s far as it is po*^sible to judge from the reports the lines of 
w'ork seem to be halisfaetoi.v. 

TAqlil (raps.— An experiment with liebt traps made .it 
Ramgari) in 13)32 was niisuecessful ; out of 221 nduHs nltraelcd to 
light only 14 were females, the rest being males. This is a 
eortimnti oeeurreju e. Dr. f, B. lYilliams at Kothnni.slcd has, 
how‘*ver, reoenlly found ibat for eerfnin moths in England the 
proporliojis of males and females captured depends on the height 
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at which the trap is placed ; a hiRher proportion of females is 
caught with a trap at 35 feet above the ground than in one at 4 
feet. If light trapping is practicable, then the effect of setting 
at higher level should be tried. 

Lucknow. 

(Visited, February 15th, 1937.) 

Luclnoiv University, Botanical Department, incharge of Professor 

B. Sahni, F.R.8. 

Professor Sahni ’s investigations in paleo-botany and the 
borderland between geology and botany have given to the 
Botanical Department of the Lucknow University a high reputa- 
tion, which the standard of work in the various sections fully 
justifies. None of the work is definitely agrieultural, and there 
IS no selieme fostered by the Council, but the Department is too 
good to be omitted from this list. 

Dr. S. C. Tarma has made some interesting ecological studies 
of the upper Gangetic flora and traces the seasonal change of 
flora from tropical to temperate and to desert conditions during 
the course f the year. This seasonal variation of cftmatic 
factors is so great that no species is likely to remain dominant 
throughout the year. Dr. Id. P. Chowdhury is in charge of physio- 
logical investigations. Dr. S. P. Pande carries out morphological 
studies and is surveying the liverworts, while Mr. A. R. Rao is 
making anatomical studies. 

Professor Sahni ’s laboratoir is so well organised and he 
himself is such a capable investigator that some further develop- 
ment of his work could well be encouraged. He considers that 
surveys of the various groups of the Indian flora would be of 
great scientific value. lie points out, for example, that the fungi 
have never been adequately surveyed, and many of the groups 
also lack proper description It could not he claimed that the 
work would be of practical value, but it would seiwe a useful pur- 
pose in the training of students and in the development of the 
careful critical habits of mind which are so rare, and yet so 
essential to good research. 


Allahabad. 

(Visited, January 15th and 16th, 1937.) 

Dr. N. R. Dhar has in the past ten years published a large 
number of papers on the transformations of nitrogen compounds 
in soil and he has recently put fonvard the idea that some of the 
changes are produced, not by bacteria as was formerly supposed, 
but by sunlight. Other investigators in India, however, have 
been unable to find anv evidence of this photochemical change. 
There is nothing inherently improbable in Dr. Dhar’s claim : the 
question can be settled only by experiment, and only in tropical 
or sub-tropical countries. The Council has given a grant of 
Rs. 9,360 to be spread over thi-ee years from January 1936. 
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These questions arc ot purely scientific interest and the 
investigation is therefore quite properly carried out at the Uni- 
versity of Allahabad. 

Dr. Dhnr is also studj'ing the changes in nitrogen content of 
the soil consequent on the ndditioii of molasses. He confirms tho 
result ah’oatly obl'>incd by some, hut not by all workers, that both 
the anniioniaeal and the total nitrogen are increased, and he dis- 
cusses the nieebnnism of tjie process and the relative part.s played 
by light and by inioro-organi.sms. 

While at the University I took the opportunity of visiting the 
laboratories of Professor Saha, whose researches in Physics are 
wcll-knoAvn. 


Tho American Presbyterian Mission. 

I A’isited also the Acrieultnral Institute of the American 
I’resbytoriaii Mission where 1 saw an admir.sbic clemnnslxMlion of 
the reclamation of eroded land. By skilful bunding Dr, Sam 
nigginboltom lias sneereded in restoring n considerable area of 
land that had been dedroyed li.v flood, and in so arranirhig the 
bunds that similar eaiaslrophcs are unlikely to occur in future. 
The demonstration is worlh.v of careful study and of repetition 
olscwhci'c. 

Other deni onsl rat ions inchido the protlnotion of fodder stuffs 
for dnir.v cattle and the general imnrovement of the dairy licrd 
which, however, lies outside niy pros’inoo, 

Benares. 

. (Yi.sited. February 13lli. 1937.) 

Quant j R.s. 07.920 spread over 5 years. 

Insfitute of AgricuUural Brsi'arch [Brnaros llmdii UniversUy). 

Tho work here is in eharge of Dr. B. N. Singh. ICapnrthnln Pro- 
fessor of Botany. The Institute is unusually well equipped with 
modern plant physiological npplinnees, wliich wore domonstrated 
to me bj' the assisfant.s and the students. The work done under 
the Council’s scheme consists in-^ 

(1) a physiological analysis of the effects of fertilizers on 

the growth of the sugar eane : this inclndes studies 
of tlie growth and sugar content of sugar pane in 
relation to the absorption of nutritive elements, and 
of tho effects of hydrogen ion concentration on 
growth. 

(2) a .study of the effects of soil and climatic factors on the 

growth of wheat, and llie relation of soil, nitrogen 
and moisture content to the protein content of the 
grain. 

In practice this menn.s the applienlion to sugar cane and to 
wlical, of all the ordinary plant physiological exercises. Tlic pre- 
sent work is confined to the laboratory, but it is lioped later on to 
make field experiments. 
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In view of the wide range ot work in the department, it 
would be unreasonable to expect detailed critical examination of 
methods or appliances : these tend rather to be accepted without 
making full examination of their validity. The oliief value of 
the work lies in the training it affords to the men who are doing 
it ; they learn how to handle apparatus and they_ know whose 
method they are using, while the variety of work going on in the 
laboratory gives them a wide training and prevents them be- 
coming too narrow in their outlook. The training _ would _ be 
improved if the students were taught the use of valid statistical 
methods, not as subject, but as an integral part of their physio- 
logical experiments. In view of the fact that the University has 
a strong mathematical staff this should present no difficulty. 

THE PUNJAB. 

The Punjab falls into three agricultural diiisions : the Ml 
districts to the north, where grazing and soil erosion furnish 
difficult problems for the agricultural, the livestock and the 
forestry departments : and where also fruit culture is possible ; 
the irrigated regions where wheat is the dominant crop but oil 
seeds, sugar cane and cotton are also important ; and a southern 
dry legion where diy fai'xning is practised. 

The Punjab is characterised by the diversity of its agricul- 
ture and in two respects it occupies a leading position : it has the 
largest acreage in wheat and in fodder crops of any province. 
One of the losults is that milk is more widely used here than in 
most other regions. Wheat is the most important crop in the pro- 
vince, occupying 9 out of 26.5 milUon acres net area sown, and 
fodder crops come next with an area of 4.8 million acres ; this is 
a larger area than in any other province. 

The Council’s schemes in the Punjab are concerned chiefly 
with wheat, fruit and oil seeds. The agricultural investigations 
are centred at the Agricultural College, Lyallpur ; grants are 
given for some scientific investig,ations at the Punjab University, 
Lahore ; and important investigations are carried out under the 
aegis of Punjab Irrigation Board at the Irrigation Bcscarch 
Laboratory, Lahore. The Agricultural Department also carries 
out a large amount of work.(i) 

Lyallpur Agricultural College. , 

(Visited, February 6th, 7th and 8th, 1937.) 

_ The College was started in 1909, and many investigations in 
agricultural problems affecting the Punjab have been made there. 
It is now one of the great centres of agricultural research in 
India. 


(1) An oflicinl publication “ Dcpartinont of Agriculture, Punjab ; Summary 
of tho more important results arrived at or indicated by the Agncultural 
Stations and Scsoarcli OIHccts in tlic Pan^ab^ 3036 a useful 

o£ the work done at tlio various stations \>jtb sufiicient detail to enable experts 
to study the results. 
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Wheat InvestigatioQs. 

ThcM are confined to studies of the milling and baking qualities 
of the different varieties of wheat. Unfortunately no simple Cherni- 
es determinations give sufficient information about these qualities : 
direct milling an3 boldng tests are necessary for which special and 
lather costly equipment is required. 

The Council has given a grant of Rs. 22,300 towards the estab- 
lishment at Lyallpur of an experimental plant for carrying out 
milling and baking tests of wheats produced in the Punjab and other 
])rovinccs. It is proposed to send the baking specialist to America 
for training there. 

It is very desirable at the outset to agree on the purpose for 
which the wheat is required. Different markets have different 
requirements, and it is essential that the person in charge of this work 
should Icnow definitely for which market he is to cater. 

In view of the Fact that most of tlie wheat consumed in India is 
probably made into chapatis, there should be on inquiry into the 
characters needed to give the best results. If, on the other hand, tlie 
wheat is being bred for export to Great Britain, then the require- 
ments of the English miller must be carefully studied : samples 
should be sent for i^eport to the Miller’s Research Institute, St. Albans, 
if this Institute can continue to undertake this work. 

• Fruit Investigations. 

1. Citrus Stocks and Grato Vines. 

Grant : Rs. 57,430 to be spread over 5 years. 

This scheme is under the charge of Sardar Sahib Sirdar Lai 
Singh who has an expert knowledge of fiuit growing gained in Cali- 
fornia t it is complementary to tliat of the Central Provinces, and 
deals with the Santra type of oranges ; mainly with Maltas. Seeds 
of numerous varieties obtained from the Punjab and oiitside 
regions have been sown and the seedlings and resulting trees wU 
be studied. Useful slocks will tlien be multiplied and distributed. 
Stocks of the Santra types grown in the Central Provinces will also 
he grown so as to ascertain the effect of environment ,on quality 
and yield. 

The work on grape vines consists in collecting varieties, grow- 
ing them and selecting promising ones for multiplication and dis- 
tribution. The collection already includes 125 varieties. 

SCHEME FOB SAN JOSE SCALE (ASPIDIOTUS 
PEENICIOSUS). 

Survey in the Punjab and North-West Frontier Province. 

So far as is Imown the San Jose scale first came into India on 
infested nursery stock imported into Kashmir from Europe in 1913. 
It is also suspected to occur in Afghanistan. There being as exten- 
sive fruit trade from Kashmir and Kabul to northern India, and no 
quarantine regulations on overland routes, the pest has spread eon- 
siderably and is now found in various parts of the Punjab and the 
H30ICAB K 
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North-West Frontier Province. Fortunately it is yet ot a stage 
where it can be dealt with, though if it is allowed to remain uncon- 
trolled much longer, it may become very serious . it is one oE the 
worst fruit pests Inio'wn. A survey has therefore been arranged to 
ascertain tlip distribution and intensity of the infestation, the ento- 
mological work being done at Lyallpur. As soon ns the information 
IS available the appropriate action should be promptly taken. 

2. Fnurr and vix3ETABr.£ PBEsnnvATiON. 

Grants ; Rs. 11,070, spread over 2 years ; application made for a 
further extension. 

In the cultivation of fruit and vegetables for market it invari- 
ably happens that quantities of material arc unsaleable, cither 
because tney arc not quite up to the market standards or because 
the market is already glutted with other produce. The establish- 
ment of a permanent fruit and vegetable growing industry tliercfore 
necessitates also tlie development of methods whereby materiul in 
excess of enrront demand can he preserved. 

Fruit preservation can be carried out in two ways ; as a fnetorj' 
industry on the large scale.* and os a cottage industry. Tnc faotoiy 
industiy is the only wnj" ofisneeessfully handling large quantities I'f 
material and eatcriiig for the wholesale trade. It depends, however, 
.on two essential conditions : 

, (i) The pioduee must be of unifoim quality so that the pur- 

chaser of a tin or bottle of a particular brand may Imow 
, exactly what it will taste like. Standardisation of qua- 

lity is essential to a successful wholesale trade and the 
quality must be sufficiently good. 

(it) Fruit preservation on the factory scale cannot be regarded 
solely as a means of dealing with unwanted proilnce. 

' No factory cun run unless it has full supplies to keep 

the machinery and the work people fully occupied 
during the norma] hours of employment. Spasmodic 
activity Would be fatal. 

Regular supplies must be forthcoming of the kind of material needed, 
which, however, is not necessarily the same as the material demanded 
by the fresh market. A preserving factory can, in addition to its 
normal activities, deal with an excess of produce, such as would arke 
in time ot glut, but this can lie incidental only, and not its main 
purpose. 

Wlicn the technical difficulties are overcome and the supplies of 
fruit assured there will still remain important economic and ad- 
ministrative problems such as the relation of the neW industry to the 
protected sugar and tin plate industries 

The cottage industry, on the other hand, is necessarily disconti- 
nuous in its operation, and can confine itself to any excass of mate- 
rial not wanted for immediate use or for SfOle. 

The products, however, are hardly likely to find any important 
place in the market because of their inevitable variation. 



123 


At present the work is concerned mainly 'with factory products ; 
tomato ketchup, citrus squashes, cordials made from culled fruit, and 
canned fruit of good quality made in regions where transport is 
dilBcult, as in the Kulu valley. The biochemical examinations are 
made by ilr. Uirdhaif Lai : Ihey serve a useful purpose in standard- 
isation oi the various products, but there is no point in attempting 
detailed investigations into the biochemistry of fruit. Theie is a 
certain similarity betivcen the work here and some of the work done 
ill Professor Kay’s Laboratory at Lahore and it would be ahisable 
to linlv them up. 

Attention should be concentrated on tlie citrus and tomato pro- 
ducts until these have reached a standard when they can be put on 
the market and the industry startca. 

The best way of ascertaining when this stage has been reached is 
to submit jiroducis to some of the large wholesale firms liaving expert 
luiowledge of market requirements and to ask for their candid com- 
ments ; t.tj,, Messrs. Lyons for good standard qualities, and Messrs. 
Portnum & Mason, if superfine qualities arc deemed possible. 

This could be done foidbwitli. When the small scale products 
are passed by the wholesale experts there 'still remains the very con- 
siderable diOiciilty of establishing tlic ifidubtry on the large scale. 
This involves an entirely new set of problems wbioli cannot be investi- 
gated till the industry is started, 

3. Oiii SiXD ExsEAnen ScHEan. 

This work is being carried out by Khan Sabib Clioudhurj' Ali 
Mohammed, and the grant is Bs. 36,070 spread over a period of 
8 years, 

Tlic programme is on the same general lines ns in tlio Gentxal 
Provinces, but it is confined to the Brassica oil seeds of which the 
Punjab provides no less than onc-tliird of the total Indian produc- 
tion. Three groups arc important t 

Sarsoii (Jirassica campe^tris, vnr. Sarson) ; 

Rape or Toria {Brassica tiapus. var. dicholoma) ; and 
Mustard or Eai {Brassica juncca) ; 
all arc rabi crops sown in September or October and liaiwesled in 
March or later. 

Within thc.se main groups hffwcver, there is a large and very 
confusing number of varieties or straias, the ola.ssificatioii of which 
is one of the most difficult plant problems in India. It seems improb- 
able that much advance can he made until more is known about the 
cjrtolog>' and gcnctic.s of the crop. It would be an advantage to have 
the Old of n cytologist in this investigation. 

The different varieties differ considerably in productiveness. 

In the meantime, however, some improvement has been effected 
by purely empirical means. Maas sclcctiou is stated to have given 
strains yielding 1 to 2 maunds more seed per acre, containing 3 to 
4 per cent, moyc oil than the crop commonly raised from unseloetcd 
seed ; further, the selected seed malurcs more uniformly and give.s a 

K 2 
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purer product. It is, houcrer, difficult to maiutaui stocks iu a pure 
couditiou owing to tbc circumstance that most of the varieties are 
usually self-sterile aud are extensively cross-polliiuited by insect's in 
the field. Thu new varieties obtained by mass selection readily de- 
goiicrate wheu sown iu the field. 

It has already been possible to obtain some Bclf-fcrtUc forms and 
these are being further studied. 

Field esperiments are made to ascertain the effect of mnnurial 
and cultivation treatments on tbc yield and quality of the oil in 
various crops. 

Somewhat similar work is being done at Cawnpore, and it is 
desirable that the investigators should keep in touch with each other 
and also with tlic Central Institute at Delhi. 

Tobacco Scheme. 

(Co-operative scheme on flue enring.) 

A grant of Es. 2,500 was given tor the construction of two fine 
curing bams, one at Lynllpur and the other at Jullundur. Thc<.e 
aic actually outside the zone in which good tobacco is produced but 
they arc needed to complete the main scheme of tobacco research. 

I 

The College Departments. 

Several of the Departments of the College are caiTying out in- 
vestigations that arc closely related to the Council’s schemes. 

Botamcal Section . — ^Rai Sahib Jai Olmnd Inithra and liis staff 
have investigated various plant diseases Some .specially interesting 
work on gram blight has been done by J. 0. Dulbra, A. Satta and 
Kisban Singli Bedi 

Mr, Dostnr is working on the so-coUed “ Failure ” of Punjab 
o^fton, apparently a plij’siological disease, which, however, is outstde 
my purview. 

Cereal Section , — (Ram Dhan Singh). Wheat breeding in the 
Punjab is greatly facilitated by the circuinstance that two crops can 
be raised in twelve niontbs. Seed harvesting in May in the Lyallpur 
district can he sent to Lahaul in the mountains about Julu, where it 
can be sown forlliwith and harvested in September or Oetober It 
can then be returned to Lj-allpur just in time for the autumn sowing 
ill October. Soin" good virietics of wheat. ' « . 0 .Wl and of barlc.v 
hn\e been pioduccd here. 

Oil Seed Scrtio7t — (K. S. Ali Mohammed). In addition to tlic 
Brassica group already mentioned other seeds ore also stmtied ; 
Sesamum, Castor, ground nut and soya bean. 

Chemical Section. — (Dr. P. B. Lander). Tlie work is divided 
into two main groups ; soils and animal nutrition. 

The soil work includc.s studies of the reclamation of KalW or 
alkali soils. Gypsum, sulphur, farmyard manure and green manure 
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were all effective, but molasses was not. Where much calcium 
carbonate is present the method suggested is to grow rice during the 
kharif and berseem during the rabi season, then to plough this in as 
green manure. 

Soil surveys have been made in connection with various irriga- 
tion iirojeols : the .soil is classified into cultivable, reclaimable and bad. 
Surveys are also made of various tube well irrigation regions. The 
animal nutrition work eonsishs in studying the nutritive value of 
different local crops j a special feature is the determination of diges- 
tibility ‘n-hieb has not previously been done in India. 

Sampling of Sugai’canc. — A statistical study has been made of 
the bc.st methods of sampling sugarcane for chemical analysis. 

The proposals should be critically examined at Delhi and at the 
other sugarcane stations with a view to arriving at methods that can 
be universally accepted. 

Uiiliiaiion of Molasses. — Both feeding and manurial values were 
tested. A ration of 5 to 6 lb. of molasses fed daily to heifers and 
bullocks depressed the digestibility of protein and so resulted in loss 
of food constituents ; 1-2 lb. dnil}% however, could bo safely used and 
had no harmful effect. 

The experiments on the use of molasses ns fertilizer gave nega- 
tive re.sults. There was no evidence of nitrogen fixation and the 
results claimed by Dr. Dliar could not be obtained. On the other 
band, it appears that molasses eotild bo used as fuel, if the price is 
less Ibnu B annas per maund (sec page 109). 

Potato "Dormancy. — ^Reference ba.s been made to the fact that 
potato seed freslilj' lifted from the ground cannot be planted 
immediately, but requires a resi of .‘'cveral weeks before it will sprout. 
This problem i.s of great importance in the bill districts where potatoes 
arc grown. Experiments on the influence of s’nrious vapours and 
gases in shortening this period of dormancy Were begun, but Ibey 
bad to be .suspended. 

Ycgotahle Pennet. — 2i large section of the population in Indisr 
are debarred on religious grounds from eating ordinary cheese mode 
by the use of rennet prepared from the stomach of calves. 

It has long been known timt the ripe berries of withania coagu- 
Ians, n small herb common in the Punjab, Bind and the Nortb-W’est. 
contains a vegetable rennet by which milk can be as satisfactorily 
curdled as bj' animal rennet. The active enzyme was isolated in a 
form so active that one part coagulated 25,000 parts of milk in 
40 minutes. Tt could, therefore, be used in oLeese making should 
this industry ever be developed in India. 

Bacteriological Scotian. — (i)r. S, V. Desai). 

The transformations of Nitrogen compounds in the Punjab soils 
arc studied -. the effects of molasses and farmyard manure also bac- 
teriological diseases of plant ; and the nodule organisms. 

Entomological Section, — (K. B, Mohammed Afzal Husain). 

In addition to the advisory work fwo larger investigations are 
carried out : one on pink and sjiotted Boll worms of cotton, financed 
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by the Indian Central Cotton Committee ; the other on Locu&ts which 
ijb part of the Locust Scheme of the Imperial Council of Agiiculturol 
Kesearch (see page 141). Two experimental bee farms are super- 
vised in the hills, one at Nigrotn (District Kangra) ; the other at 
Kulu. 

Engineering. — (S. M. Ilahi). 

Investigations arc made on the design of strainers and the equip- 
ment of tube wells. 

The faim. — (Labli Singh). The experiments deal with green 
manuring, here found to be effeethe ; with fertilizei-s, of which nitro- 
genous alone are usually beneficial ; with rotations and onltivatiou. 
Improved implements eitcctcd considerable saving of man and 
bullock labour and gave better yields than the cultivators obtained, 
though not better than eould be got if the best use Were made of the 
old implements. ^ 

Sugarcane Bcsearch : Bisnlcwala. 

This farm of 1,100 acres tics just outside Lyallpnr. 

The rainftdl is verj' low, about 8 or 9 inches a ycar(i). 

The work consists lai’gely in the testing of new seedling canes 
from Coimbatore or elsewhere, the conditions being unsmtable fun 
tlio seeding of oane Bc-sistance to frost can be studied, as frosts arc 
liable to occur iu Januar}'. 

Manurial and cultivation cxiicrimcuts arc made. In the first 
year manures produced no effect ; in the second year, however nitro- 
genous manure increased the yield ; toria cake proi’od better than 
sulphate* of ammonia besides being cheaper. There was no advantage 
in planting in trenches, a method commonly adopted in many parts 
of India. 

Insect and fungus disease are watched and studied with a view 
to prevention or control. Studies are made of Gur production. 

Water Supply to Crops. 

Wafer itequirement of Crops in Lyallpitr. 

Grant : Hs. 1,73,970, spread over 5 years. 

This "work is to be carried out at the Bisalcwala Farm. Its pur- 
pose is to study the influence of varj’ing water supply on the yield 
of crops ; comparing varying numbers of irrigations of the same 
depth ; frequent light irrigations with heavy irrigations at longer 
intervals supplying the same total qnantitj' of wafer ; the effect of 
tillage ; and the value of ** kiaries ” of different sizes and shapes in 
saving water. The results will he applied to suit Zemindary's con- 
ditions and practices. 

This investigation should he put in hand and sneh subsequent 
adjustment shon ld be made as would be required to fit into the larger 

(1) At the sTnllundur farm tho rainfall is much highor but much of it eomes 
in Auf^st. 
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investigation on irrigeltion, should this be undertaken. The investi- 
gation should be extended to include schemes of cropping which 
would be studied with the purpose of maldng the most economical 
use of labour and water, so as to avoid the clashing of peak periods 
of demand. 

The Lahore Institute. 

Punjab Irrigation Research Institute , Lahore, 

(Visited February 5th & 6th, 1937.) 

Although this Institute deals only in part with agricultural 
problems and is not financed by a Council grant, the work js so 
important, botli in itself and for its bearing on the question of an 
all-India Irrigation Research Scheme, that I must refer to it in some 
detail. The Director is Dr. E. McKenzie Taylor, and he is aided by 
a competent staff. 

The Institute being set up to serve the Irrigation Department 
much of its work is concerned mth engineering problems and lies 
outside mj' province. Considerable attention is given in the Phj'sses 
and Hydraulics Sections, under V. I. Vaidhianathan and Dr. Uppal 
respectively, to the designs of weirs, dams, river training works, etc., 
with the purpose of avoiding undermining and counteracting ujilift 
pressures. Large scale models have been' designed which accurately 
represent and reproduce the conditions in practice. 

The work that touches most closely *^on agriculture is that con- 
cerned With tlie movements of the subsoil water and its effects on the 
soil. Thanks to the foresight of Sir Thomas Higham, annual read- 
ings of the spring level of the suksoil water were begun in 1891 .and 
have been continued ever since, while a network, of rain gauge 
stations has been in operation for an even longer period. 

The relation of the annual rise of the water table to the rainfall 
and irrigation water is studied by the Statistical Officer, Jai Krishan 
Malhotra. In some areas where annual rainfall exceeds 10 inches it 
accounts for some 80 to 90 per cent, of the variations of water level 
in July, August and September. "Waterlogging in these areas wlien 
it occurs must be remedied by drainage of storm Water. A similar 
result was obtained by Professor Mahalanobis at Calcutta for the 
areas he investigated (page 156). , 

Tlie trouble is aggravated by the greater absorption of rain due 
to the making of bunds, and the blocldng of drainage resulting from 
the construction of roads, railways and canals and the looser condi- 
tion of the soil duo to cultural operations. 

Elsewhere, however, the waterlogging is due to seepage either of 
irrigation water from the cultivators’ fields, or from the bed of the 
canal : it arises because the water cannot get away. A highly in- 
teresting piece of work has been done on this^ subject. The great 
plain of the Punjab is made up of sand and silt brought down by 
rivers and filling a basin of much older rooks ; the water easily soaks 

(1) A full account of tlio work is given in Boport of the Punjab Irrigiition 
Institute, 1930. (Director — ^E. McKenzie Taylor.) 
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through the sand and silt but it cannot penetrate the rock bo it 
simply accumulates. The soil surface is fairly level, but the floor 
of basin is not : a continuous ridge runs underground across the 
doabs and acts as a -weir holding up the underground -water on its 
upstream side. In general it is only on this side that waterlnTgiug 
occurs : down stream of the ridge there is a sudden drop in the water 
table. An important exception oceurs at Lyallpur : the water i''vel is 
here rising in spite of the fact that it lies on the downstream side. 
This is being investigated ; it may be caused by seepage from the 
canal, and the remedy is then staunching of the canal ; or by stonn 
water above the ridge producing a kind of cascade effect, in wnich 
case the remedy is drainage of &e upstream area ; or it may be due 
to the transmission of the pressure from the upstream to the down- 
stream side of the ridge. The ridge continues through the United 
Provinces, but here it runs parallel with the rivers and not acioss 
them : irrigation has not caused a rise in the water table. It is of 
course out of question to survey the depth of the sand and silt by 
boring tlirough it to the bottom of the basin : fortunately geophysical 
methods can be used for finding the variations in depth. Dr. N. K. 
Bose, using a Torsion Balance, has constructed a gravity contour 
map of the rock bed of part of the area, and Dr. McKenzie Taylor is 
hoping to obtain the use of the more elaborate apparatus for deter- 
mining a few absolute values so that the rock contour depths can be 
calculated. The maps thus constructed show verj’ clearly the areas 
where waterlogging is liable to occur, and the expectation is borne 
out in practice. 

The fate of the water in the canals is also studied. Barely one- 
half of the “water delivered at the head of the canal reaches the 
field (1), and even this is not all used well. In the rnbi season prob- 
ably no water is wasted, but at the beginning of the kharif season 
when river supplies are high there is some waste, either in irrigating 
land that is not subsequently sown, but more frequently in over 
irrigating fodder crops due to tlie fear that supplies will be reduced 
if all the -B'ater is not taken. 

An interesting investigation, also recalling the work in Professor 
Mahalanobis' laboratorj', is the study of the effect of changes in 
water level on the life of the -village. The histories of the plots 
are obtained from the revenue records : the changes in water level in 
areas irrigated, in total revenue, and in human and cattle population 
will be studied. 

No investigations of the optimum amounts and times of applica- 
tion of water to the different crops are carried out here, though ex- 
periments have been made by the Cluef Engineer, Mr. Woods The 
subject is extremely important ; data are being acenmnlatcd at 
various centres in regard to rice and sugar cane, but some effective 
co-ordinating agency is needed 


(1) The estimate is by Mr WooSb, the details being : — 
17 per cent in main lines and branches. 

11 per cent, in distributaries. 

25 per cent, in the eultivators' -water courses. 
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Tlie loss by seepage is not only a waste of valuable water : it 
leads to a waste of land by waterlogging and still worse by salt 
damage. ISxperiments indicate that in certain specified cases, fortu- 
nately of common occurrence, seepage can be greatly reduced by 
treating the bed cf the canal with sodium carbonate : the details 
have been ‘worked out and as the cost is not high the method is now 
being tested in the Punjab and in Sind. 

The rise in the water table is closely associated with the appear- 
ance of salt or “ Thur "When the water comes to within about 
18 feet of the surface any salts present in the soil or the watsi may 
begin to appear at the surface. During the winter (November to 
April) they form a ivhite incrustation which shows up very clearly : 
from April on^va^ds tlie incrustation disappears, perhaps being blown 
away by the dust storms of the spring, and it does not reform. 
During the summer a diy crust is lormcd and the salts remain below 
it : apparently the rate of evaporation from the surface is greater 
than the rate of capillary movement. The monsoon rains tciu- 
porarily clear the land of salt. In October or November, however, 
the salt reappears : presumably in the lower temperature and high 
humidity of the autumn the rate of evaporation falls below the rate 
at which the .salts are brought to the surface. 

In the Chemical Department Dr. A. N. Puri, beside his work on 
methods of soil analysis (page 131), has made some interesting 
observations on the formation of the nodules of calcium carbonate 
which occur at varying depths below the surface of alkaline j-oiH, i.e., 
soils in \vhich the clay contains sodium as one of its bases Bvldon<*i' 
is adduced iJiat the calcium bicarbonate in the water moving Under- 
ground reacts wdth the sodium clay forming calcium clay and deposit- 
ing calcium carbonate, thus regenerating the layer in which the 
reaction is proceeding. Sodium carbonate is also formed and travels 
upwards, increasing the alkalinity of the surface layer, decreasing 
itfi permeability and intensifying the deterioration generally. The 
change proceeds from below and moves upwards. 

An interesting experiment in reclamation by electrodialj'sis is 
being tried. 

I have devoted considerable attention to this w'ork because it is 
among the be.st I saw in India and it has important bearings on my 
proposal tor an all-India Irrigation Eosearch Station. 

The farm at Chakanwali. 

For some years Dr. McKenfcie Taylor had an experimental 
farm at Chakanwali where he investigated the_ effects of salt on 
growing crop,s and sought for methods of removing it and reclaim- 
ing salt-ruined soil : this section is under hlr. M. L. Mehta. Un- 
fortunately the work was stopped and so a good opportnnitv for 
.solving some difficult soil problems was lost. Some useful results, 
however, have already emerged. Soils witli pH of less than 8.5 
and a salt content of loss than 0.15 per feent. will grow the ordi- 
nary crops. Wlien, however, the^e values are exceeded wlieat 
■suffers So lojig as the pH remains below 9.5 additional salts can 
be economically removed • esiiecially sodium chloride and sulphate, 
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which nrc removed by simple ’enehiug nnd the growth of rice 
wliieh tnket, up hiilt from the soil and reduces its alkalinity. If the 
yields of riec are 20 mnunds per acre Senji or other leguminous 
crop ih grown nn<i ploughed in ns green mnituro so as to improve 
the iiitropoii .supply to the ooil. llcelnmntion is now complete and 
eotton, wlieat oi sugar entu* eau he Miecc.s.srully grown. Ilccloma- 
lion is slower when sodium earhonate is present, several crojis of 
rice being required to clear the soil so that four or five years 
elapse before any profit is obtained. 

If the pll is above i1 .'i im known method of reelamntioii i-. 
profitable > though where money is no object, treatment, svitii 
sulphur, gypsum, ele, may ho Mieoessful as in the United States. 
Usually the three sodium snlts nrc the only ones present in the 
Punjab _ In .Siiul enleiuni chloride also oeeurs and this facilitates 
reclamation. 

Acclamation of land spoiled by salt. 

Linnd iloelamntioii is not a Miitnblo enterprise for a small 
cultivator still less for a non-rosidciit Zcmiiular. The Govern- 
iiieiit iiiiglit v\pH, Iiouever, consider the advisability of letting out 
derelicl land on long leases at iieppcreorn rents and favourable 
water terms to large farming syndiontei? or actUc eiiUivntors of 
known eflieioiiej' keeping tlie land in eultiviition. food nnd 
oecupntioii are found for the villngeiN, the danger of rordaria is 
reduced, and the ndjneent land is protected. 

Prevention, however, is better than cure. Dr. McKenrio Taylor 
emphnisisps the need of making a proper survey before an irrigation 
scheme is started or extended. The Important factors to deter- 
mine are the salt content nnd pll values of the various layers of 
the soil jirofile. nnd the composition mid depth of the subsoil water. 

Dr. (MeKenrie Taylor's observation that the salts nr© washed 
down in the inoiisnon nnd come hack again in the autumn suggests 
that the present practice of giving irrig.ation water only in summer 
to soils liable to salt is unsound. If sufficient water eonld bo suj)- 
plled in winter to allow of more rabi cropping lie considers that the 
salt would remain below the snrfncc. 

"Where the problem is more serious it is necessary to change 
the system of ngrieulture and grow salt resistant crops Pice is 
the commonest, hut after the quantity of sail is sufficicutlv reduced 
berseem, liieenio, and sue-nr beet nrc also possible where the 
climate is suitable ; the two former would fit in with dairying and 
the latter would be useful in a sugar cane area for enabling the 
fnetories to extend their working season. 

Tlnforhinalely there is no means of Itnowing with certainty 
whether jhe salt trouble is spreading or net, though the indications 
arc that it is getting worse, No «oils Mirvoys were made when the 
irrigation scheme started nnd snoli old records ns exist are faulty. 
The records of field cropping taken each season bv the pntwaris 
arc penotlionlly desfroyed ; in an irrigated region they should be 
kept. A survey is urgently needed. Proliminnry observations 
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suggest that an aerial photograpiiic survey from an aeroplane would 
enable a suitable ground map to be drawn, on the basis of which 
a salt survey could be easily made. The problem is so important 
that 1 suggest the Council should arrange for an experimental sur- 
vey to test the value of this method. 

Microfiora of Alkaline Soils in the Punjab, 

Grant proposed : Rs. 13,120 spread over 3 years. 

Certain soil micro-organisms are very sensitive to the reaction 
and salt content of the soil and do not grow if either exceed a cer- 
tain limit. An alkali soil unsnited to crop production is equally 
unsuited for their growth ; the micro-organic flora is therefore v ery 
restricted. As the process of reclamation continues and the condi- 
tions of the soil more’ nearly approach the normal, so the micro- 
organisms are better able to develop, and the flora beeomes more 
mixed. Finally, when reclamation is complete, the flora attains its 
normal complexity. 

Micro-organisms multiply very rapidly, and adjust themselves 
very quickly to changes in conditions in the soil. 

In western laboratories methods have been designed for follow- 
mg the changes in the microflora and these are readily applied to 
discovering what stage the reclamation has reached. Vegetation 
experiments need to be carried out simultaneously so that the 
reaction of the crop to the stages in the reclamation can be corre- 
lated with the reaction of the microflora. Usuallj' in Western 
countries plant growth can take place satisfactorily when reclama- 
tion has gone far enough to permit nitrifying organisms to develop. 
The method has worked satisfactorily elsewhere and there is no 
reason why it should fail in India ; it has not jiroved as useful as 
chemical methods and so is not widely adopted. 

In this investigation the field experiments were to have been 
carried out at Chakanwali farm and the bacteriological work at the 
I^'allpur Agricultural College. 

A similar scheme has been put forward for studying the micro- 
flora of Kalar soils in Sind. 

I am not prepared to recommend cither scheme for adoption at 
the present time. If. however, a Central Irrigation Institute be 
started and microbiological tests should be desired as part of a 
larger investigation then tlie matter could bo reconsidered. 

The Puri Physico-Chemical Methods of Soil Examination. 

Grant ; Rs. 5,250. 

A large number of methods of soil analyses have at different 
times been devised and the International Society of Soil Science, 
after extensive trials by selected experts, has recommended certain 
of them for general adoption. Wherever possible it is advisable 
for Indian workers to use these methods : apart from the fact ihat 
they have been carefully and critically tested, it is only when they 
are used that the results can be compared with those obtained in 
other countries, or studied by other soil workers. . 
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So long ns the Intcrnntionnl methods nro ndopte<l_ for nil linal 
and important tosts intended lor publication there is no reason 
against other methods for iirelimmary or locnl tests provided they 
give satisfactory results, and that all Indian soil workers wdl .igrec 
to use them. 

Dr. Puri has devised a number of met hods and given ren^oiis 
for pieferring them to the standard methods. The nest stage is 
for the Indian soil workers to try them, and to decide for v, hat 
purposes they slioiild be adopted, but iilvvnjs roeognising the neccs. 
sity tor iisiiic the Intenintiomil methods in investigatinns likely to 
be of general inleiost The Council has taken steps to refer the 
matter to tlic Provinees hut so far onlv Madras ,ind Sind ht.ve 
examined the methods in detail. 

Dry Fanning. 

Itohlah Drtj farmimj. AswutM with ihr Ijijailpur AfjrirliJIinnl 

fotlruc. 

(Visited h'ebrnnrj- 1st. 19517.) 

While a large nre.i in the Panjnh is seciirccl against famine l>y 
irriiration from pcrennml canals or from wells, a still greater area is 
not. In iinrls of the soiilh-easl failure of the harvest is a common 
oeeurreiiee and the iirovisjon of famine works has become an almost 
annual neces-sity. 

Five distriets in the south-east. llKsar, Hobtnk, Ihirgaon, Knniu» 
and Aiiihnia have hetvveeii them 07 million acres of crops of wliieh d.4 
iniliieiis are grown by minfall. A dry farming research farm lnis 
theiefore been cstahlisliwl at Rohfnk. 

Rohtolc is situated in the south of the Punjab aliout 40 niiiCA 
north-west of Delhi in a dry region where irrigation is usually 
iinpraeticnhle by reason of the depth of tlie water table and tii’e 
s.i]iiiity of the water j drj- farming methods are therefore essential. 
The rainfall averages about 20 inches, falling mostly in -Inly, August 
and Septembei . Init it is very varinhle Kohtiik itself, Iiovvcver, has 
the iidvnntu'e that ennnl water is available if necessary 

The chief trop is b.ijni, sown ns a klmrif erop in July 

The work falls under three headings ; 

(1) Soil Physics, done by Mr. Siikhdayal under the direction 

of Dr. Lander. 

(2) Plant Pliysiologj', by Mr. J. M. Ran. vvorking under R.'i* 

Sahib Jai Chand Luthra. 

(3) Agronomy, done by Mr. L. 7Vhl Rnm 

The Station is new and a .soil inrvcv is being made by the Soil 
Phjf.iei'st, profiles down to a depth of 10 feet lieing examined. Doth 
light and heavy soils oci-nr on the form and the heavy soil is alkaline 
at the lower ilciiths 

The routine soil worli eonsisl^ in mwisuring the penetration of 
rain wnter on cropped and fallow- land and the loss by evaporntinn 
ntidcr different conditions. 
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Large numbci's oi estimation ot moisture, nitrate, etc., are made ; 
at present it is not possible to determine the sampling error and T 
I'ecommend that the jn'oeedure should be modified so that this could be 
done. 

The soil work has the merit that it is closely associated with the 
field operations. It is done on the farm and is not confined to the 
laboratorj' : tlie cflccts of the cultivation processes and of the growing 
crops on the moisture content of tlie soil can be estimated. 

The physiological work has only recently been started. It con- 
sists in the s^dy of the w’aler requirements of the various crop 
plants grown in pots, and of the root system under different condi- 
tions of growth. 

The water requirements in pot experiments have been deter- 
mined elsewhere and there seems little advantage in multiplying 
these particular measurements. The field experiments, however, 
should be developed. Certain parts of the farm ore underlain by a 
layer of soil 6 to 8 iuohcs below the surface in which roots are liable 
to rot. Pi’climinarj' observations suggest that those varieties grow 
best which have a good horizontal root system above this layer and 
a tap root strong enough to penetrate and get through to the dcplh 
below. 

The agricultural work consists in finding the elfecte of deep and 
shallow cultivation on tlie absorption of rain water ; on the offcol 
of surface cullivation after showers of rain ; on intcr-culturo of 
crops ; the value of bund.s in conserxing rain water ; ciTccts of 
varying the seed rate, and of farmyard manPre and different rotn- 
lions on soil moisture and crop yield. 

Rolitol: is a long w'ay from the Central Indian group of four 
stations, but the Council has arranged that the staffs of all five 
slalions concerned xvilh dry farming should meet periodically for 
diseus.siou of their work. 

Grass land experiments. 

VnoSPHATic l^lAiruniNG or Gkass Land tiNntn now RAiNPAijn. 

Under moderate and high rainfall in temperate cliraatas it is 
well known that pljosphatic fertilizers greatly improve the feeding 
quality of grassland. An experiment xvas eaiTicd out at the Qovem- 
ment Cattle Parra at Uissar to discover if similar results could bo 
obtained in dry conditions. The rainfall averages 14 inches, but is 
very irregular, both in amount and distribution. 

It is yery desirable Ibal more experiments on this .snb,iect .should 
be made : in Australia strikingly good results are sometimes obtained 
in equally dry conditions. 

MiNratAL CoN-rnNTS or Poddhrs and Pecdino Stutts, 

Officers in x'arious Provinces and Slates in India make nnmeroup 
analyses of fodders and feeding .stuffs, paying special attention to the 
mineral sub.stanccs prc.sent. 
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Dr. Lander has emphasised the necessity for adopting nniforoi 
notations and methods. 1 agree that this is essential Lnless 
unitorm methods are adopted by different analysts, there is consi- 
derable contusion and the results may be very misleading. Dr. 
Laiidci'’s suggestions should be carefully examined and a memo- 
randum should be drawn up at an curly date setting out prescribed 
methods that must be adopted in all schemes financed by the Council, 
Though leaving the individual workers free to adopt others also if 
they wish to do so. 

Tho Punjab University, Lahore. 

(Visited February 4th, 1937.) 

Investigations bearing on the work of the Council are proceeding 
in several of the Departments of the University. 

Boiamcttl Department. Wither tip of Citrus Trees. — Grants 
totalling Rs. 13,800 were given by the Council in aid of Dr. H. C. 
Cliaudliuri's experiments on the wither tip of Citrus trees, a disease 
caused by the fungus, Golletotnehum glocosporioides, which besides, 
causing the lip to wither, also causes a great loss by the dropping of 
immature fruits. A spraying treatment was devised whieli, it is 
said, bus now become almost nniveisal in the Province ns a means of 
effecting control. 

Organic Chemistry Department. — This is tmder Professor J. N 
liny, who had studied organic chemistry under Professor Robinson of 
Oxford, and therefore became interested in 'the organic constituents 
of plants Several of the investigations going on here arc related to 
the Council's work, especially those on dry plants, on fruit juices, 
and on insecticidal plants. I recommend that the Biochemist for 
the fruit preservation scheme at Lahore and the diemist in charge 
of the plant insecticide investigation at the Agricultural Deport- 
ment laboratories, Bangalore, should both spend some time here to 
learn what they can from Professor Bay. 

Physical Chemical Department. — Professor S. S. Bhatnagar is 
well known for his investigations on electro-chemistry and electro- 
magnetism, and numerous studies on these lines arc in hand in his 
Department : unfortunately I could think of no way of linking 
them up with agriculture. lie has, however, had charge of two of 
the Council’s schemes. 

(1) The effect of ions on the growth of plants. (Amount of 
grant, Rs. G,523.) 

The effects of salts of various heavy metals : uranium, thorium, 
cerium, copper, manganese and zinc have been studied in water, sand 
and soil cultures ; the observations, however, being confined to 
measurements of plant height and of dry matter finally formed. 

The work is now concluded. In simUar work elsewhere it has 
been found that the chief interest lies in the physiological and patho- 
logical consequences of supplying or withholding these various metallic 
ions, and if the subject is reopened it should be done in conjunction 
with a plant physiologist or pathologist. Many investigators have 
shown that small quantities of certain elements arc essential to 
healthy growth and in their absence plants suffer from certain 
physiological diseases. Sometimes these diseases occur in the field 
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and in that case small additions of the missing clement have remarh- 
able elfeetb in restoring the health and full growth of the plant. 

12) Another investigation which received a grant of Bs. 4,150 
spread over 2 years, consisted in studying certain soil properties with 
a view to explaining the field behaviour. The water extract, hydro- 
chloric acid extract, total nitrogen and pH values were determined 
for a large number of soils, but no relation with fertility was found. 
It was recognised that there were variations in climate, in water 
supply and in seed. 

The problem of explaining soil fertility on chemical and physical 
grounds is extremely difficult, because of the profound effect of water 
supply and of climate, and if any future investigation on the subject 
is started, it .should from the outset be associated with an elaborate 
system of carefully planned field experiments. The work, would, 
how'cver, be costlj' and troublesome and I doubt very much whether 
it would be w’orth the expense. 

SIND. 

Jbihgation nr Sind. 

(Visited November 26lli, 193G.) 

The groat irrigation schemes in Sind are served by a competent 
group of engineers, by an Irrigation Rcsearcli organisation at Karachi, 
and by an agricultural experimental station at Sakrand (Nawabsnah 
district) on the left bank of the Indus. It is jiroposed to establish an 
experimental faim on the right htuik at Dolai. The problems fall 
into two groups associated respectively with the safe driivery of the 
water and witli its optimum nttilization. The Irrigation Department 
i.s concerned with the first of these : the problems include tlie avoid- 
ance of los.s by seepage from the canals, with consequent water- 
logging of adjacent laud whereby both farms and villages may be 
spoiled. (*) As part of the programme, detailed recorils arc kept 
of the flnetnations of water level in a number of observation well« 
so that the changes in water profile can he followed. The Agricultural 
Department undertakes experimeaits on the utilization of the water. 

Tnn AGBIOXJDTOBAIi PHOBIiEMS. 

The oiieniiig of the Dloyd Barrage in 1932 has had some striking 
effects on the agriculture of SiiiiL Tlie area under fodder crops 
has much increased ; the acreages of wheat and cotton have more than 
doubled, and, even more important, while formerly the cotton was 
all short staple, now much of it is medium staple cotton of good 
quality'. JSveii more of these medium stapled cottons could be grown 
if varieties more re.sistanl to jn.ssid and white fly were available. 
Search for the,se is steadily proceeding. 

On the other liand the area under the gniin crops has not 
increased, in .spite of the increased population ; indeed it is stated 
tliat both yield and quality’ of juar and bnjri have fallen : the pro- 
duction of oil seeds has also decreased. 


(1) A Beport on Tyatorlogainp in tho IClnJrpnr State, througii which the 
Bohri cnnal passoa, has heen made by Sir Bernard Barley and Mr. Waller. 
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The ai'cas under the various crops and the estimated quantiti)>s 
produced are given in Table 1. 

Table 1. — Cropping in Sind before and after the setting wp of the 
Lloyd Barrage in 1932. 


Crop 

Acreage tn tboosends. 

Fiodsetloo Tods In ihoDBands 

10]3.U. 

1017.18. 

1033 24- 
1027-28. 

1033 34. 
1036-30 

1013-14- 

1017-18. 

1023-24 

1027-28 

1013-34- 

1035-30. 

OotUm .. .. 

sai 

330 

GiO 

-- 


-- 

AVticat 

604 

441 

1.167 

237 

03 

£78 

llioe •• .« 

1,166 

1,148 


3D0 

465 

403 

Jaar* .« 

617 

610 

460 

1S7 

IIB 

103 

Bajrit .. 

070 

1.0&i 

854 

161 

160 

00 

All grftio eropA oxcopi wheat 

3.180 

3^0 

2.021 

BU 

B07 

GOO 

rniit and TegoUbloe} , . 

44 

40 

40 

•• 


.. 

OIISMda 

40i 

200 

IDS 




Alt craps . . . 

S.GOO 

4,654 

6,141 

•• 

•• 

•• 


* Chicflj la Upper SituL 
t CUoflj in middle and loirtrSind 
X Two jcaifl only 1031 «*1931^. 


According to the original plan tltc 1933-34 area under wheat should 
have been 1.01 million acres and under cotton 415,000 acres : both 
figures were in fact somewhat cxcccdcd.(*) The ultimate area is 
planned to be 2 million acres under wheat and 800,000 acres imdcr 
cotton. The cotton acreage may readily be attained : the wheat 
presents more dilficultics, portly tcelinical, partly economical. Jloai 
of the w’hcat is sold out of the province, cither to other parts of India 
or to overseas marhets In either case uniformity of quality is 
essential for obtaiuiug the best prices ; the Department has recognised 
the need for this and is endeavouring to replace the present mixed 
crop by improved selections from the local varieties or by strong, 
rust resistant Pusa wheats. 

At present prices the cultivation of wheat is evidently profitable 
cspeoially in Upper Sind where the relatively long winters are favour- 
able to the crop and the present improved varieties arc sufficiently 
rust resistant. In middle and especially in lower Sind the winters 
arc shorter, and the milder* and more humid conditions are lets 
favourable to wheat ; present varieties arc not sufficiently ras* 
resistant. It is not easy to say what would happen if the original 
plan were fulfilled and another million acres of wheat were grown in 
Sind. The cheapest form of cultivation is presumably the “ bosi ”, 
I.C., where water is given before sowing only, and not afterwards — oi* 
what amounts to the same thing, where the wheat is sown on the 
banlcs of the Indus as the flood recedes. But this area docs not 
increase : it remains roughly at about 200,000 acres : the increase is 

(1) tv. J. Jeshins, Crop Planning Oonunittcc Oonfereneo, 1935, p. 48. 
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in the. ordinarily irrigated area. How mueh further can this go i 
Can the two niillion acres of wheat he ultimately achieved t 

The answer to tliis question turns on the extent to which wheat 
and cotton can be successfully combined in one sj'stem. It is not 
a usual combination : indeed only in loner Egj'pt can it be found; 
outside of India, and only in tlie Punjab and to a less extent the 
United Provinces ,is it common in India. Tlic southern limit of the 
wheat belt and the northern limit of the cotton belt overlap only in 
a relatively narrow sone. The diflicullics are on the practical side. 

The two crops clash both at sowing and at picldng time. The 
staple cotton must bo sown between mid-Morcb and mid-May, just 
tile period when the cullivator wants to thresh his wheat : the cotton 
needs aboundant water in October, when water ought to be put on 
the wheat land to allow it to be cullivaled ; finally, cotton picking 
is in full swing from September to December, when the wheat ought 
to be sown. l)esi cotton can be sown later-up to mid-June, so as to 
avoid the clash with llireshiiig, but it flowers and bolls at the sanio 
time as the staple cotton, hence the other difficulties still remain. The 
trouble is intensified by the scarcity of population in Sind and the 
constant malaria. 

No way of reconciling these conflicting requirements is yet in 
sight. The cultivator asually tries to avoid the diificulty by sowing 
the wheat late, often in December or January, but this is rarely pro 
fitable. 

The Agricultural Department could render valuable help to the 
cultivator by improving the implements so fbal work can be done more 
expcdiliomsly and economically (*) and by developing some useful 
rotations that would avoid .some of the present clashas. TIvc rotation 
must be dcMgned so ns to fit in with the agricultural facts. Wheat is 
the most desirable lubi crop ; it requires Ics.s water than any other 
of the cash crop.s,(-) nnd it is nlway.s likely to be saleable ns, apart 

(1) !^^r. .T. Gumming is doing nomo unrful oork in fliit direction, 

(2) VnlnuWo datn on tins point tiro contnined in tlio “ Stnlislics of Irrlg.i- 

Uon Wa'nr Distribution nnd Working ol Dislribulnrlo’ of the CaUnls in the 
Punjab for tlio year 1032-3.S " (Oovenrent of tbc Punjab, Public Works 
Deportment, Trrlgnliim Brnncli, I,ahorc, ia.St), showing lioir mueh water wns 
supplied to vorious crops t— 
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Rice 

78 

1-7 
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130 

2'0 
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from Uip, overseas demand, it is being increasingly ronsumed in India- 
Bajri and jnar fit in to tbe agricultural programme more easily tban 
wlieat ; they are soun in July and reaped in September, so that they 
do not clash badly with cotton operations, although they have about 
the same peak demand for water. Their economic value, houevor, is 
less than that of wheat. Oil seeds might be better as cash crops. 
They were toinierly much grown in Sind but their cultivation has 
decreased considerably since the Barrage sclieme developed, the 
present acreage being only about one-third of what it was Attempts 
to increase tlio area arc being made by the Dejiartment, the advant- 
age being that, as there are several sorts ot oil seeds sown and 
harvested at different periods, they allow a better spread-ov’cr of the 
work than is possible with wheal. The rabi crops, rape and mustard, 
have always been tbe most popular. 

At present, however, the marketing arrangements arc not good 
and it might be difficult to improve them. 


Fodder crops are probably tbe best alternatives to wheat, 
Berseem or Shaftal (Persian clover) broadcasted in tbe cotton at 
Hie end of the picking season furnish valuable food for livestock 
besides enriching the soil. Wheat could then follow', making a 
rotation : — cotton j berseem : wheat :(*) which could be followed, as 
in parts of the Punjab by the sequence ; maize or some pulse crop 
sown in April, and this by rape sown in October, then bac^ to cotton 
An intonsiv’o rotation of this kind would necessitate manuring. There 
is already considerable local demand for fodder owing to the laige 
cattle population!*) and so far as can be seen this is capable of 
marked expansion, for Sind seems to be very suitable for developing 
a livestock industry : it ^t'ossesses two of tbe best and most popular 
mildi breeds in India :’‘Sifadhi or red Karaclii. and Thar Parker • 


good milldng cows can be^produced for sale to the towns to replace 
the wastage. 


Dairy produce could no doubt be manufactured but tbe distance 
from market may cause difficulties in selling. Fruit and vegetables 
also afford possibilities. 


This question of suitable sequence of crops is so important that 
it should be closely studied in relation to the economy of the holding 
considered as a unit. 


In Sind, more than in most parts of northern India, there is special 
need for educational and extension work. There is no tradition of 
good cultivation among the Haris. It is not uncommon for them to 
broadcast the cotton seed, to plough it in and do all tlie subsequent 
cultivations by hand, a costly and ineffective method as compared 
with drilling in rows and intercultivating by hulloek-drawn imple- 
ments. The Punjab colonists are better cultiv'ators than the Sindhis j 

{!> Cotton could follow wheat, "but wheat coald not follow cotton because 
the cultivator likes to leave the cotton pkmts standing till the end of rcbrnaiy 
so that after picking is over in December his cattle can c.at the stems, Icavet 
and unopened bolls : fheso are indeed the chief source of food during Jannaiy 
' and rebrnary. After that the animals arc given leaves and branches of trees 
till wheat straw is available in April. 

(2) There is a local saying that it takes five cows to keep one Sindhi family- 
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Uiauy of tlim are iwtdligcnt nml good lamcrs : one recognises the 
ngrioultural touch directly one gets on to their land. 

Morco\cr Uicre are in Sind, as in homo of the otlicr irrigulud 
areas of Nortlieui India, a certain number ol progressive large eiilli- 
valors both Kuropeau and Indian who manage tlieir estates verj' well 
and who render general service not only by their example but also 
by mnitipl;, mg desirable stwks of seed and iniiiniaining good herds 
■of entile. 

The method of individual ownership and eiiltivatiun lias been 
adopted ill .^ind, uhile in the Gezira (Sitdati). perhaps the nearest 
approaeii iti the JSiiipirc to the yind sehemc, the whole region was put 
Under the toiilrol oi a Syndicate, winch runs it ils one large farm in 
a kind ol partneishlp with the tJovcrninent and the tenants. Il'lio 
Gosernmeut provides the land and water ; the tenants do the cultiva- 
tion ; and till' y.'indieiitc pmvides the minor canal sy.stein, advances 
(lie woilvinf eupilal, seeds, lerlili/er!?, etc. (which the tenant must 
repaj;, pU'Ciihes the cultivations and licntmcnts, providea ginnitiu 
nod .spunge luciUtie.s, and tells the produce. The proceeds aic then 
divided on an agreed huM's : the Uoi'einmeni luiva jior cent., the 
temin: dO per eem,, and llie .''yndkate U.'» per cent. The nirangemcnt 
work'' very tvell, (he Syndicate in its omi intcrC'is has to take good 
care buth of llie land and cC the tenants ; the system, tbcrctorc, com- 
bines the (eononiie advantages of large .seah* pturlnciioii and (he .soeiul 
advantages of a .settled tenantry. Time will show whidi of the two 
metliods is the bctler, but in the event of any fiirtlier huge irrigation 
development in India it would bp advisable to conpider the possibility 
of adopting the Gezira model. 

The ■work of the Sokrand Station. 

The ftikrand Station was .s(,arted in 1923 by Dr. II. II. Jlanii who 
rendered irreat .servile to the development of Sind ngrieultiire. Dr. 
TamliMp XI ns in iniiuediate eliargc from 1930 to 193G under the general 
direction of Jlr. \V. J. Jenkins, the Chief Agricultural Ofilecr for Sind 
xx ho published an exrellcnl programme of work before he left. (* ) The 
officiating admiiii-strator at the lime of niv visit was Rao Sahib K. I. 
Thmlnni. 

The Chemical Section is now under Mr. M. A. Rlmuia Jycng.-ir, 
■vx'hn. like his pn!dece«''or, ilr. Tamhanc, is doing some good xrork. 

The eliicf crops arc wheat, jnar, bajri, nVe and cotton. 

The xwiter reqnireiiient.s of crops are studied and also the method-, 
of mnintainiiig wiil fertility in view of the henvj' cropping plan pro- 
positi for the area. 

Slrc's is riglitl.v laid on the value of berseein in maintaining liui 
fertility of the hind and r>roviding food for livestock thus faeililafiiig 
the development of tiiixed fanning, which is reganled n.s the most 
htiil.ible for the llnrrage areas. 

The salt problem is studied in the (Chemical DeparliiiPTit : pio- 
perly mnnnpd it ought not to give trouble in Sind ; it is much simpler 
here th an in the rim,inb, since the dangerous sodium carlmnate is 

(X) III” iiilercsliiig " (iunmint^ «f jircuenl posliioii ivprk of the Acri- 
eiiUitrnl D'p'iritnent In Piml, ICnrnrhi, JOJO 
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almost absent. The usual salts are sodium chloride and sodium 
sulphate and the beneficial calcium carbonate and sulphate : the total 
salt content varies from 0.5 to 6,0 per cent, or more The irrigabon 
water is very good, containing only 23 parts of salts per 100,000 of 
which a considerable proportion is calcium salts 

Several methods of reclamation of salt land (“ Kalar ”) have 
been tried by the Chemical and Agricultural Departments, (i), So 
long as the land is not alkaline it can be reclaimed by flooding 
followed by immediate ciopping : a suitable combination is cotton 
and bajri in equal area in Utc kharif season and berseem on the same 
area in the rabi season. Fallowing, on the other hand, tends to bring 
the salts to the surface, and the cropping ^’stem is being arranged to 
reduce it to a minimum. Indeed one method now under observation 
consists in leaving the soil to lie fallow and allowing the salts to ri«e 
to the surface and concentrate in the top inch of soil whidi can then 
be scraped off and removed. 

Where the soil is alkaline more drastic methods are needed : 
prolonged continuous leaching follonved by a crop of berseem. 

The Botanical Department under Mr. Thadani is concerned with 
the selection of suitable varieties of crops for the Barrage areas. 

The physiological section under Mr. B. M. Dabral (PhysiologKt) 
IS financed by the Indian Central Cotton Committee, Bombay, and 
deals exclusively with cotton, which lies outside my province. 


The properties desirable in the conditions of the Barrage areas 
are stated to be a fairly dong vegetative period, flowers produced 
quickly and within a short time, and rapid opening of bolls The 
need for water is greatest at tlie time of flowering and fruiting : In 
contradistinction to ■nlicnt,‘wlucb grows equally well however the 
water is distributed, within reason 

The work on oil seeds is financed by the Sir Sassoon David Trust 
Fund, Bombay 

Citrus, particularly loose-skinned oranges and grape fruit, auii 
vines grow well at Sakrand and attempts are being made to euMur- 
age tbeir growth elsewhere. The horticultural officer. Mr. iJln, 
seems to be doing good work. 

The Agricultural Department under Mr. M. V. Baraluai aims 
at collecting tlie results of the other Departments and applying them 
in practice. , 

There is uo entomologist though as the work develops it vill he 
necessary’ to appoint one, and also a plant pathologist^ It is corating 
disaster to have large irrigated tracts under cullBation without 
keeping close ssatch on plant diseases and pests 


(1) About 1008 tlio Bombay Dopnrlracnt started a reclamation farm at 
Dauintiiur '(Sina) under Mr. G N. Ilendeison, wlio wme from the Abnkir 
Comirany in Eaypt, and intiodau<d their niotliods, uhirh •norhcft eahsfaotonly 
iS! « ™ tko loelamation uas to level the land, then flood it, and it n 

m.’ ’‘"P ‘‘ «”> Perioa up to 6 monllii, then to grow 

plcted regarded ns com- 
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Sind lias tiie possibility of groat sutfcess or of tragic failure 
dc])cnding largely on ibo quality of the statl selected to look alter the 
irrigation works and to guide the cultivators. In no part of India 
1 visited is it more e.'-sential to attract the best men possible for carrj • 
me out Oie soil and crop investigaliona. 

The Locust Scheme. 

(Schtsfoeerca j/regoria.) 

(Field worlc visited December 2nd, 1936 ; laboratory work at Ltj'nllpur 
visited February 7Ui, 1937.) 

Parts ol nortbern India arc periodically devastated by locusts : 
the last visitation commenced in 1926 and lasted until 1931. It did 
mucli damage bnl it also stimulated research on the subject. 

The didieulty of the early workers was that locust swarms had 
not attracted attention till they heeainc dangerous : tlic initial swarms 
whieh are of chief importance to the investigator were "nunoliced or 
unrecorded. Careful enquiries, however, enabled the gi'cat locust 
invasion of Sind in 1926 to he traced to the Mekran reks : the desert 
coastal region west of Karachi. Later observations proved that it was 
in fact part of a world movement involving Persia nud Arabia, but 
also slioued that this iMckran district is the source of outbreaks of 
loensts in India. 

TJie Council .started a loeu.st Poscarch Sclicrac in 1930, tmdrr 
the cluirge of Kliaii Bahadur M. Afval Ilusain, then Entomologist to 
the Government of Punjab, stationed at Lyallpur, In lus laboratory 
there he studied various prohleni.s eonneded with the life history and 
bionomics of the insect j at the same tithe a special louring stalT was 
organised under Rao Bahadur Y. Kam'cliandra llao for making locust 
surveys in the desert areas of Bnlneliistan. Sind and Rajpulaua, 
Bocliiiig nut the areas where the loeilsis* breed and from wdiich the 
warms start. 

When Mr. AtVul Ilusain was apiioinlcd Principal of the College 
in April. 1933. the work was split into two parts ; the main staff was 
establi'lied at Karaelii ; but the Inborafoiy work on bionoijnc.s was 
continued at Lyallpur. 

The combination proved n pnrlleularly lm))i>y one. for no Indian 
entomologist was better aide than Jlr. Ilusain to carry out liie 
labojalorv invcstigalions and Mr. Rao lias been vevy S'uccossful in his 
studies of the loeust in its natural habitat 

Tile locust movements in India as traced by IMr. Rao are extrn- 
ordiiiaiily interc.stinp, 

7’iic permanent Jioiue of the locusts in India is the Mekran ; they 
are always to he found there, but ordinarily in relatively small num- 
bers and only in the solitary stage. In order to keep watch on them 
n Field Research Station was set np in 1931 at Pnsni, followed later 
on hy a second Station at Amlmgh, and locust observation posts in 
the deserts of Rajputana and Sind. A central laboratory was astah- 
Ushed at JCarachi from which the desert surveys and the. work at the 
resenrcli stations is organised. 
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The eggs are deposited in the snnd n«d j£ this is luuist enough 
tlio fust brood jijipears in March and April ns solitaries. If, ns ofteu 
Jm)>i)oiis, there* is no rain, only few .survive and the iinrabers never 
become great. If, lioivcvcr, heavy rain comes nl the time wlicu the 
March brood is leady to breed, Uicy multiply rapidly, become crowded 
and are converted into the Mvnrming phase. TJie phy.siologieal baoif' 
ot this curious change from solitary to swarming phase is not fully 
Miidei stood, but its praclical signillcnncc is scry great, Tlic incipient 
.swaims, liowever, roniain in Itnluchistaii fill .hine and duly, when tliey 
fly to Sind. Ilnjpiitann and the .south-west 1‘unjnb distrielH. Tlieie 
the louists breed ns soon as the monsoon mins ptovide buHicient 
moisluie ; these last from mul-June to October, nnd when they end, 
breeding drans to a cUise ; if I lie rains are lufiicicnlly licas-}*, two 
generations nre produced. In the aiiliiinn the locusts fly ba<-Ir ngnin 
to liahieiiistan, and the cycle iee«nni»cnces Sind, theiefore, nuiiei > 
two visitaiinns : one in summer on tlic nay out, one in autumn on thj 
Avny bneK ^Ir. Knn tliinl'.s Ihnf this is not a delibemle e>elic mo\e- 
nienl, but is the iiisult of the different ]>rcs ailing wind ; in summer 
the Mind eoinmonly hlons fmni the south-west and in winter from the 
nortli-cn«l. The lo^ints .ue not aetiwlly e.suicd by the wind, hiif 
llioy cannot flj against it nnd lo it delemiincs their direction. 

Tlio eonlinuance of the locust infr.station. once it starts seems to 
depend on the ability of the loen.st sv.irins to ti.insfer from the iircu. 
of winter laiiifnll to those of siiimaer lainfall and nVe versa at tin* 
proper time to allow them to produce two geneiatious in one t5ea®on. 

During October and November the Ineiisl remain in the BalueJu- 
alnn coastal region. If the rainfall is good, they breed again t the 
eggs are laid in ffebiuaiy and the hoppers nre halclied out in April oi 
May. So tlic cycle eontmuc.s. 

It sometimes linppens in ^easons of he.svy infestation, that some 
of the swarms, instead of ending in Rajpntmin, go much further east- 
wards ; in 1930 they went ns far ns Bihar and Bengal : then of ootirhc 
there is troiihle 

The work m Ambngli consists in studying the hnbita of the 
insect in its natninl home and observing partieularly the effect of food 
on the length of the hopper stage nnd in the interval lietweeti attain- 
ing the adult stage nnd .-ex matnration.(^) Certain foods, parfi- 
culnriy jiinr, mui/e, " Mnirand ” (Jlcliofropium uiidiibifum' . 
'* Knlliehk ” (Cj/pfriis arevaHtis) much neeelernte s-cx maturntinn 

Detailed observations of the density of the locust population art 
made so ns- to give warning of any sign of marhed increase. 

The Ambngli station is in charge of Mr. Batra. who succeeds ir 
achicving a Inige amount of work under very di(n‘'nlt eiieumslancee • 
for life at Ambngh is lonely and seiy frying few men could remain 
thoio for long vlllionl their work suffering. Tt is es.sen*inl (1ml e 
eompetenf ciiton.ologM slionld lie stationed there hut all p<. sJb’* 
efforts should lie mode fo miligate flie solitariness and di« nnWort 


(1) The le*ust goes tliraiieh four 
gip scvmlK inimilmr ndult ■jp<1 ihe • 


]>hj-5nloj;lfjl • the egg, the tiepjicr, 

nitture mlrJt siege. 
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The v'oi'k at the other stations is on the same general lines : the 
conditions for the workers arc at least as trying and difficult as at 
Ambagh. 

The central laboratory at Karachi is in charge of Rao Bahadur 
T. Hamchandra Rao. There Dr. Mukerji is studying the biometry of 
the locust, measuring the wing length aud femur and calculating the 
ratio of one to the other, an important figure since it constitutes an 
index to tlie jihase of the locu-st, whether solitary or gregarious. At 
present lie has to make the numerous calculations by ordinary 
.•mitljinetic, but this is very wasteful and I strongly xecommead 
that a Imnd-calculaling machine be obtained. 

Rao Bahadur Y. Rnuichaudra Rao has his stall so well organised 
tlial he could i)rofcood to experiiucnt on locnst control should the 
occasion arise. Since 1930, houever, there has been no swarm of suffi- 
cient size to permit ol any experimental work, and conseniienlly tbit 
part of Ibe invo.stigation remains in abeyanec. 

, The laborafory Mork a1 Ljuillpur lias brought out some very 
iriieresling results. Tlio main problem is the sludy of the effect of 
lemperaiurc on the rale of umltiplieation. It is shown that several 
broods can be produced in a season if Ihc temperatnre Ls favonrahlc ; 
the locusts cun indeed start egg-laydng when only 13 days old if the 
temperature is high enough, thouch they do not remain healthy in 
fche,so conditions. The solitary foms arc green and the gregariou* 
black. , 

This black colour, however, is lost ns the temperature rises, and 
beyond a certain temperature the locust bccolne white. 

At the time of mj' visit there w’cre no experiments in hand 
beenuse there was no material ; if no further inviusion occurs, it is 
proposed to disband the Lyallpur .staff. 

The que.slion has arisen whether locust watching and control 
should continue directly under the aegis 'of Iho Council or should 
become a permanent serviee. I am strongly in favour of tho lattei' 
course. The locissf prohleni is permanent. Constant watch must 
be kept and continiiouK experiments carried ont to discover ways 
whereby incipient swarms can be destroyed before tliey reach pro- 
portions at Which they become a menace. It is imperative to avoid 
1 he mistake of closing down locnst research w’hcn there is no invasion, 
for then only have the locust officers the time for doing the necessary 
careful work. 

The serrice hp.side.s being permanent should have its own orgnnisu- 
tion : it should not be regarded .simply os a part of the Entomological 
Department. It .should be linked up with the Council through the 
Standing Locust Committee. 

The Baluebislan outbreak area is not restricted to the boundaries 
of India, it extends into Iran, but no locnst investigations are carried 
on there. The possibilities of extenclhig fithe locust sux'veys into 
Iranian territory should be examined so that at any rate warning 
of impendimr invasion might be given. 

Dr. B. R. Hvavov, with whom T have disonssed this question, 
points out that apart from loeally produced swarms, southern 
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Iran, and ivestern India aie liable to be invaded by swarms arrivipe 
by stages from Arabia and even Africa. A permanent locust service 
in Intfia would not completely guarantee against future invasions . 
this could be done only by international preventive control throughout 
the whole area stretching from the Sudan to India. The question is 
urgent : Dr Uvarov informs me that obsen'ations on the coastal areas 
of the Red Sea made during the winter of 1936-7 suggest the possibi 
litj* of a new outbreali of tlio Desert locust. It is very important 
that the Council should get in touch with the Imperial Institute of 
Entomology and ascertain what steps could be taken to expedite locust 
control in these lands outside of India 

Karachi is so far as I can judge the best centre for the permanent 
service and Hr. Rao’s success pomts to him as a suitable ofBccr in 
charge. In Anew of the fact that locust trouble, if it comes, will 
come quickly, I recommend that a certain number of entomologists 
in northern India ahould -spend some time at Pasni or Ambagh so 
as to familiarise tliemsdves with tbe general groundwork of the 
locust problem. It invasions oeourred they could then readily act 
under the instructions of tlio Chief Locust Officer. 

BALUCHISTAN. 

Fruit growing and fruit canning at Quetta. 

(Visited November 29th-S0tb, 1936.) 

Excellent quality fruits are groivn in Baluchistan, partioidarly 
in the plain around Quetta ; these include all the English fruits and 
in addition peaches, apricots and grapes. The demand has groivn 
so mtieli that the acreage under fruit is increasing. An Experi- 
mental Fruit Farm, was started in 1912 by the Howards at Quetta : 
it was a’most abandoned in 1919 but was leiuvcd in 1932 and is now 
in full swing under Mr. A. M. Mustafa. The staff includes an 
entomologist and a mycologist wdio arc studying the local pests and 
diseases. The work is being well done and seems likely to lead to 
useful results. The Council has gi\cn a puunt of Es 67,000 spread 
os’er 5 years. 

A fruit canning scheme ib .shortly to be put in operation, a 
grant of Rs. 49,600 spread over 5 years having’ been given for the 
purpose. I recommend that the officer in charge of this w’ork should 
spend some time at Lj’allpur, where good results have already been 
obtained, in order that he may thoroughly familiarise himself with 
the methods of overcoming the numerous difficultie-s. 

NORTH-WEST FRONTIER FROVINOE. 

(Visited February 2nd-4th, 1937.) 

This province compares fas'ourably with any of tlie others in 
India in agricultiiral utilisation of its available land. Out of its 
8i million acres only about 24 million are sosvn, but of these nearly 
1 million are irrigated : about 60 per cent, of the * sown area is 
under rabi crops, 40 per cent, under kharif crops Wheat is the 
most important crop of the province and occupies nearly a million 




Fruit growing iu Quetta. 
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acres : maize comes next -ivilh about half a million acres : followed 
by gram, of wliieh there is about a quarter of a million acres. 

While the present record is good the Government is anxious that 
it should be better. 

Two experimental farms have been organised : one at Tarnab 
near Peshawar and the other at Gharsadda about 20 miles away. 

Judging by purely physical consideration, there arc four direc- 
tions in winch the agriculture of the Province could he developed : 
general fanning ; the breeding of livestock ; the production ol seeds ; 
and the grotvth of fruit and vegetables. I shall confine raysrif to the 
last tw'o. 

The production of seeds. 

Already the Korlh-West Prontier Prorincc is the jnost import- 
ant source of supply of bersecm seed, though I beard numerous 
complaints in other provinces of contamination with weed seeds. 
This could he remedied by the installation of cleanhig machinery 
and the Department should consider the possibility of issuing certi- 
ficates for properly cleaned seed. The raising of other seeds also 
might be tried, including seed potatoes. 

Fruit and vegetable culture. 

> ' 

The soil and climatic conditions of parts of the Province arc 
very suitable to the production of fruit and every effort should he 
made' to develop this industry. TJie deciduoxis fruit trees familiar 
in West Europe— pears, plums, peaches (especially No. 6 and 
Elberta), etc., flourish and fruit of really good quoliiy can be 
obtained. 

Attempts to improve Ihe cultivation of fruit were begun in 1910 
and from Hint lime onwards, good commercial varieties have been 
imported from America, Europe ajid Japan, and the Zemindars 
have shown considerable enterprise in planting orchards. T wms 
informed that in the last 17 years over half a million budded plants 
of these fruit 1rep,s have been distributed from the Government 
Fruit Farm, mainly to the Zemhidars of tlie Peshawar district, and 
tliat many new orchards have been laid ont This district and the 
Ifumaon and Knlu valley regions' of the Punjab are among the few 
areas in India where commoreial orchards of named varieties of 
deei’dnons fruit trees arc planted. 

The Council has sanctioned a grant to the Experimental Frnit 
Farm at Tarnab of Us 20,000 spread over 5 years for the purpose 
of experiments on the manuring, irrigation and management of 
deciduous fruit tree,s, particularly peach, plum and pear. 

In view of the distance from the large cities of India it would 
be necessary also to develop a fruit and vegetable preserving 
indastry. A beginning has already been made at the Experimental 
Farm at Tarnab, and this should be further extended. The senior 
staff, however, should bo sent for a refre.sher course to Lyallpur where 
considerable progress with these problems has already been made. 
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A well developed fi'uit industry would also neccjssitate as a 
subsidiary industry llie making of containers, both boxes and 
baskets • there would also be tlie possibility of honey production. 

The growing and preservation of vegetables should also be 
studied 


Sugar Cane. 

Over 40.000 acrct. Of sugar cane .110 giown m the Province, 
much of it 111 the Charsadda division. This district Ls so far from 
the other sugar growing districts of India that it needs iis own farm 
where tests can be made to discover which varieties are best suited 
to the local conditions. Tamab farm while suitable for cane 
testing, is too fai from the cane growing districts to be of full 
benefit to the Zeniudars ; lienee the necessity for a second farm. 
The Gouneil lias therefoie made a giant of Rs. GSiT.iO spread over 
5 years, in order that a sugarcane research station may he estab- 
lished in the Charsjdda division Tim v ork w ill consist in makintr 
vandal, manurial. cultivation and irrigation tests on the usual lines 
with the view of overcoming the two chief difficulties ot sugarcane 
cultivation in the Proviuec the liability to frost m vMntcr, and the 
comparatively short growing season 

JIuch of this work is of Provuneial rather than all-India 
importance but two problems of general interest can bo studied in 
this region more easily than in the Punjab or United Provinoes . 
the question of resistance of the different varieties to frost, and 
windrowing, a method practised with hucecss in Louisiana Some 
observations are possible at the Punjab station, Lyallpui and 
Jullundur, and even at Mu?aff.irnagar or Sbabjalianpur but frost 
cannot always be relied upon ; her*', however, in the North-West 
Frontier Province it comes with ecitainly every winter, and syi,. 
tcmatic tests of frost resistance can therefore he made. 

The Province differs from most of the others in India in that 
its area of .sugar cane is not increasing. Apparently the cultivators 
find some difficulty a1 present prices of gnr, probably due to the 
losses caused by frost. 

ifiieh of the cane standing at the time of my visit in early 
February, 1937, was frosted, and it seems improbable that supplies 
of any sufficiently frost resistant variety could be develqped in the 
near future. A.s.suming that a suitable variety were found or bred, 
something like seven years must elnp.se between the production of 
the new seed and the widespread dislribiition of the resulting cane 
it would be nnwi«c to coimt on this possibility in planning a general 
improvement. The tests of new varieties for frost resistance 
should eei't''inlv lie continued and the existing cane-growing culti- 
vators should be given all possible help in dealing with ti'cir problems 

Colonel 13. W. C. Noel, who has worked strenuously for the 
development of the Province lias suggested that a eombinotion of 
sugar-beet and sugarcane would overcome the physical diffieults' of 
the frrsiing of cane, and I ,sin not tircpared to dispute this. The 
difficnltv of price still remains, for nowhere, so far as I Iniow, can 
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sugar beet compare economicaUy with sugar cane : moreover with 
the rapid espauiion of sugar prodtiction in India it is hardly possible 
to forecast future developments. 

The Islamia College. 

This ■well Imown. College ijosses-ses several sciciitilic depart- 
ments and a farm of some 200 acres wliich could he nscd for e'vijcri- 
mental purposes. At present i1 has only a limited siijtply of water 
drawn Irom a private canal, but there is the possibility of tajtping 
the river at a point .some 10 miles atvay or of sinldng a tube well to 
the water table Avhicli is jirobnbly about 100 ft. down. 

Jl is understood that the College Authorities arc prepared to 
take an active part in tiie development oJ‘ the asriciilture of the 
Protinec if the neec'^sary means were provided, and thi«> p()s^illilll•, 
should he sery f^-miiatl’eticnlly considered. In view ol the eir 
cumstanee that neither of the experimental fnnns po^.'-c'-ses much 
in the waj" of laborator.v e(|i!ipmenl, it would be an olivioiis ad\ ant- 
age if the laboratory work in connection svith the entomological, 
nijcologiea? ehcmieal and analjfteal problem® could be carried out 
ni the College, and I repommend that arraiigenunts to this end be 
d>sen.s>cd. Among the chenneal problems tein’eb tbc College could 
take up is the claim tbnt the silt brottgbl dosvn by Ibo winter flood 
has Ingb raannrial talue. It is difficult to under.^tand wh.v, and the 
(luestion deserves tiroper iiivesligation, first to discover if it is true 
and tben to find out tbe reason. 

In regard to the farm, T recommend that representatives of the 
College and the Gotermueut .should meet to draw up a -simple 
scheme of field experiments on Efrrmiug problems of practical sigtii- 
fiennee, inelndtng fruit and vegetable produetion, (o be c.srrie.l out 
at tbe College. Tim frost resistance tests of sugar eano coaid also 
be inehided. 

Technical Staff. 

Such good progress 1ms been made in tbe proviuee that tbe 
pioneering flinpe may now be said to have ended and the lime ‘-corns 
opportune for tbe Government to consider the lulvi.sabilit.y of setting 
un a teebnie**! departinenl with a fully trained staff, on tbe lines 
adopted in other Provinces, the Direelor of winch) cmild e.-'oroise 
detailed supervision of the further agricultural develojmicnts -whieh 
the pres’^nt indicaf'ons .*eom to .iustify. 

THE SIMLA EXPERIMENTS. 

Potato BaicnniiTO in NoaTHEasr Tnma. 

(Yfsiled Mnreh Ifith, 1937.) 

Grant : Rs, 40,5150 spread over 5 years. 

Although if does not occunv a large area the potato crop 
deserves special attention as wholesome and satisfactory food that 
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eau be gro«n lu many parts o£ India, particnlarly in tl>e lull dis- 
tricts, uid It can b& easily handled by the cultivatorh It gives 
Uiem a substantial rownid for tlitir labours, and responds to inten- 
sive cultivation and to relatively high manuring. In the peasant 
countries oi Europe. Ireland, Poland and others, potatoes form a 
laigc part of the diet 

Tno difficulties have still to be ov’crcomc. Potato seed of satis- 
factory' (piality is not yet available in sufficient quantity to meet 
the demand and consequently supplies for Bombay and Sin.l have 
to be imported from Italy and Cyprus, yatisfactory seed can, hon- 
cv'cr be grown in the •liill districts in the Ilinmlayab and Nilgiris. 
and attempts are being made to xiroduce the necessary varieties in 
suitable quantity. The second difficulty is in connection with 
disease : late blight (P/it/injiMfioia infrsfanv) causes trouble in the 
hills, and virus diseases are bad in the plains. 

The investigations are under the general control of the Imperial 
Institute of Agricultural Research, Delhi The first stop vv.is to 
choose the hill station : Simla. Chaiibatfia, Raingnrh. Darjeeling. 
ShiUong and Kulii were all tried and Simla prov'ctl the most siiil- 
ahlc so that the work will be done here, the local assistant Mr. 
Pushkar Nath 

Varietie-, have been eollceted from the different nrov’jnees ; 
and new .species of Solanura from South America (obtained through 
Dr. Iludson of the Imperial Bureau of Plant Genclies, Cambridge, 
and Mr. Salamon (also of Cambridge), the U. S. A. and U. S. S R 
some of these are resistant to frost and some to late blight 

Tlie work has only inst started, hnt it has gone on long enough 
to .show that good setting of the seed can he obtained here and that 
hybridisation can bo piopeidy carried out. The selection of the 
site seems to have been good and the work to he well begun. Potato 
breeding experiments are also made in the Nilgiris (page 201). 

Wheat Breeding Scheme for Producing PAist Resident Varieties — 

Simla. 

Tliis forms part of Dr. Mehta’s inv'estigalion on Rust (page 98). 
The breeding experiments are carried out in the Rust Research 
Laboratory at Flowerdnle, Simla East, by Mr. M. A. Aaiz under the 
joint direction of Dr. tiehta and Dr, Pal. The work was begun in 
1935, and a number of crosses hare been mode which are now being 
examined for resistance to the rusts It must be some time before 
results emerge, but the work appears to he well planned and properly 
carried out. 


DEHBA DUN. 

(Visited Mnreli 14th and l.'ilh, 1937.) 

The Forestry Research Institute w.ss visited as an example of a 
supcessful research organisation whieh has a long record of useful 
sendee. Its work joins on with that of the Council in several sub- 
jects notably grazing, erosion and insecticidal plants. 
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In regard to the latter it is desirable that the same methods of 
evaluation sliould be used both at Dehra Dun and at Bangalore, and 
the t^vo chemists should periodically work on the same samples to 
ensure that they are obtaining similar results. 

Here also Uie difficulty of exploiting experimental results has 
been met hut not yet overcome : ply wood, pulp, and other timber 
products have been made on the small scale but there is no means 
of proceeding further and establishing an industry. 

Mungpoo Cinchona Plantation (N. Bengal). 

(Visited Pebruary 26th and 27th, 1937). 

The plantation at Muugpoo is nnder the superwiou of Hr 
0. C. Oalder of the Botanic Gai-dcns, Calcutta, and the resident 
officers in charge arc Mr. S. C. Sen who has a good knowledge of 
the conditions of growth and production of cinchona ; Dr. Sen the 
Chemist ; and Mr. Richards, a competent horticulturist. 

Onlj' a part of the cinchona used in India is grown in the 
country and a very considei’ahlc amount has to he imported. It is 
very undesirable flint India should be dependent on overseas 
supplies of .so vitally important a substance ns quinine, and serious 
efforts should he made to e.vtcnd its cultivation so far as is practio- 
ablc. 

The conditions for successful growth of cinchona are generally 
the same a.s tliose for tea, except that they are narrower ; tea is 
therefore a competitive crop and so long us prices are high the 
growers will not produce cinchona. In recent years, therefore, the 
cinchona plantations have decreased in area. 

The seedlings nie I’lii.scd in much the same way as those of the 
tea plant ; they are transplanted into the plantations- and after some 
8 years the shoots are cut down and bark is striped off and taken to 
the factor 3 ^ New shoots then spring up and after 6 years these also 
are cut down. The economic life of the plant is now ended ; the 
roots are therefore dug out and taken to the factory ; their bark is 
the richest in quinine. 

In the old days the land then reverlcd to jungle or was planted 
with limber trees. Now it is jnit back into short forest, in order tiuii 
leaf mould may form. 

The trees vjiry in Uieir quinine content. The bark of 
6'. ledpcriana, the best variety, on an average contains 4— ii per cent, 
but individual samples give 7 or oven 10 .per cont.(>) Seed is 
saved from these rich yielding plants in the hope that the progeny 
also will give high yields. 

The restriction of the tea acreage resulting from I'eeenl trade 
agreements opens up the possibility of planting more cinchona. 
1 recommend that this quc.stion bo talicn n]> witli the Tea Researcli 
Associations at Toeklai and in Travaneoro, 


(1) Tlif Ifiiljiy figures ate fioinenliat Iiiglioi, and the Javn flgnrei higher 

still. 
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ASSAM. 

Tooklai Tea Besearcli Station. 

(Visited March 1st, 1937). 

The Tea Research Station at Tocklai is a private institution 
maintained by the Indian Tea Association. It receives no grant 
from the Couiieil(‘) though it is associated with the Council in that 
its Chief Scientific Adviser is a membei- both of the Advisory Board 
and of the Governing Body. Its work, however, presents certain 
special features winch give it particular interest and importance. 
The Staff are in close touch with the cultivators on the one hand and 
the hujeis on the other : they are theretore lully cognizant ot the 
market requirements and of the cultivator's dilBcultics. The 
samples of tea produced in the expciimcnts are examined by expert 
buyers in Calcutta and London, who assign marlcs expressing the 
opinion of the market about them. Contact with the tea-growers is 
maintained by airangmg short coui'scs for them at the station • uy 
inviting them to an annual conference at which tlie programme of 
work is discussed ; and, as far as circumstances permit, by arranging 
for the staff to visit and advise them on their oivn plantations. The 
task of keeping in touch with the lea growers is enormously facilitat- 
ed by the circumstances that they arc mainly educated men resident 
on the plantation, themselves actively concerned in the cultivation 
of the crop, and anxious to improve their practice in every way 
possible. Further, thc 3 ' are in a position to adopt new method as 
soon ns their superiority has been proved. This of course is an 
advantage that few other research stations enjoy. 

The Station has the further advantage of perfectly free choice 
of staff so that it can select the best men available : the programmes 
of work are carefully thought out and directly related to the most 
important of the grower’s problems ; and the staff confine themselves 
to a few Important problems which they study thoroughly, instead 
of soilteiing their energies over a wild field. 

The station is under the general charge of Mr. P. H. Carpenter 
and is organised in 5 branches. Chemical, which includes the field 
work e.n'vied out on the well equipped experimental farm ; Entomo- 
logical, Mycological, Bacteriological and Botanical. 

TIjc Chemical laboratories and field experiments arc in charge 
of Messrs. H. R. Cooper and C. J. Harrison. 

The field experiments arc well done. The design is worked ont 
in conjunction with the Rothamsted Station and the execution is 
beyond reproach. These experiments have ^own that orgauu* 
manure has no special nd^untage for tea in .spite of the fact that 
most tea soils arc poor in organic matter : sulphate of ammonia is 
the most effective source of nitrogen. The plouging in of a short 
term green miinure crop gave no inorca.se in j'ield, but the long term 
crop Tephrosia Candida seemed to be better. Both tj'pes while 
growing depressed the yield of the teav but after tliej' were dug in 
the yield increased. With short term crops the increase just abont 

(1) 7?hc Gorenimcnta of Bong.nl atui A<!9nin U'aally contribote a total of 
about Its 4,000 to^Turds an annual expenditure of about Rs. S, SO, 000. 
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balanced the depression so there was no net advantage ; after the 
longer growing Typhrosia planls AVero removed, however, a sab- 
stantial increiU>e in the tea croj) followed. 

Cultivation beyond Avhat is necessary to keep down Aveeds fails 
to increase the crop ; the elaborate cnlth'tttion, Ayhich- sonic of the 
good growers like to give, proved unnecessary. SiinilaT results have 
been obtained Avilh other crops at Rotbamsted and some of the 
American experiment stations. 'J'hc best economic results Avere 
obtained by giving the minimum of cultivation but supplying 
fertilizer containing 80 lb. nitrogen per acre ; in these circumstances 
the bushes grcAv so Avell that they touched lach other smotbered the 
weeds and so rendered further cultivation Aunu'cessary and indeed 
impossible. The pruning plane is here about 2 ft. 6 inclics to 3 ft. 
G inches in height. 

The work on diseases and pests is particularly iuteresling 
because it i.s based on the rcenpnition that a knowledge of the condi- 
tions under Avhioh damage is done by the pc.st is far more iii5j;or|ant 
than studies of the detailed life hislorj- of organisms concerned. 
Disca*.c organisms occur in all plantations, but only in suitable 
cireumslanecs do they do harm. Careful records arc kept, therefore, 
of the incidence of the various diseiuses and special note as to 
■whether the disease progrc.'vseS or dies out as the season advances, 
.<50 ns to discover the conditions faA'ournhlc hr unfoA-onrablo to the 
attack of the organism, FaA'ourable eonditions are then ii‘> far as 
possible aA’oidod; direct treatment is adopted only Avhen other 
methods fail. As an example — ^red rust {Oephalcuros) used to do 
much damage to tea. The records, .slioAVcd, hoAvcAmi*, that it w'as 
harmful only in conditions of defective drainage. The dniinage 
AV’as therefore improved and the discn.so ceased to be serious. The 
number of bushes infected may not Iioa’c altered, hut the conditions 
no longer allow sulbcient multiplication of the organisms to do serious 
harm. 

Another interesting inA'estigntion deals with the incidence of 
disease after the heavy pruning necessary for the proper manage- 
ment of the plant. Sometimes disease altaelts arc very severe, at 
others they are light, Mr. A. O. Tun,slall shOAved that severe attacks 
arc associated Avifh low rcberA'e.s of starch in the root and light 
attacks, or freedom from attack, with larger rcservas. ITc devj.scd 
a very simple last Avliich the grOAver can him'ielf ajjply to find ont 
whether the raserves are adequate permit of the usual pnining. 

Tn the Bacteriological Laborntoiy some good AA'ork hn,s been 
done by Mr. Benton on the influence of hneferia in the curing of the 
tea. This process is essentially ons^'mie. hut bacteria inAvirlably 
present in the buds are always liable to gh-e trouble. Some of <li>' wor!,< 
of them persist on the curing floor cA-en after it ba.*; been apnarently 
w'ell cleaned. A A*ory simple and elegant test of the cleanliness of 
tlic floor has been Avorked out by Mr. S. F, Benton : this enables the 
manufacturer speedily to a-scertsin Avhother more dra.stic eienning 
’s necessary. 

The Botanist, Mr. W, "Wight, js in charge of the Avork on selec- 
tion and breeding of tea plants ; this is A’cry difiicult, heeuiuse they 
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easily bybridize. Oi' tlic various possibilities tlie most promising 
seems to be to set up clones. 

Soil and manurial iiive.stigations are made by tbe chemist, Mr. 
Harrison, who has brought out the very serious difficulty o£ relating 
chemical composition svith quality assessed by the expert buyers. 
Simple relationships can be found where teas arc grown under almost 
identical conditions, but not when samples from different plantations 
are compared. 

One of the most interesting of the discoveries of the Station has 
been the necessity for ncidit)' of the soil : a pH value of about 5.0 to 
3 8 seems to be Ue most favourable and at pH 6 difficulties begin to 
arise. Methods are Ihcrcfoie investigated for increasing the degree 
of acidity whenever tliis is neeei&ary. 

The success attained by the Station among the growers has been 
very marhed, and I consider it would be an advantage if a certain 
number of Indian workers eould receive some training at Toeklai. 
The work is of course specialised, but the methods of discovering 
and attacking the important problems are very sound and could 
well be adopted in otber centres of agricultural invastigation 

Jorhat Farm. 

(Visited March 1st, 1937.^ 

Sugar Cane InvesUgations. 


Grant: Ks. 63,000 spread over 5 years. 

Some 36,000 acre.s of sugar cane arc grown in ilssam : tius area 
has remained practically unchanged for the lost 30 years. The crop 
is entirely rain grown ; there is no irrigation. The plant cane is 
usually followed by two ratoon crops, then the land is abandoned 
for a few years, after winch it is again cropped with sugar cane. 

The purpose of the Jorhat experiments is to work out effective 
schemes for the cultivation, manuring and management of the cane 
and to find .suitahlo varieties Canes from Coimbatore are tested and 
suitable varieties are multiplied for distribution ; no viable seed e.ui 
be produced here and all new varieties must bo imported. About 6 
or 7 yean, aie usually needed to get a new variety to the cultivator- 
improved varieties arc adopted without difficult}*, and I was infoinicd 
that more tluin half the area planted is under the new sorts, but 
there is clearly much work yet to be done, flor while at the station the 
yields are about 2o to .30 tons per acre, the cultivators commonly 
obtain only about 8 to 10 tons. 

Cultivation and ninuurial experiments of local iutere.st are also 
done. Combined varietal and manurial experiments are made using 
7 varieties replicated 0 times — 3 oat of the 6 crops receiving cow-dung 
and oil cake manure, the other 3 receiving none. The effects of arti- 
iicinl fcililirci'S should also he studied. 7 noted that green manuring 
with cow peas was adopted .is of proved advantage, while at the 
neighbouring tea research station at Tocldai no benefit could be dis- 
covered. There is no noces-sary discrepancy here heeanse of the 
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difference in cultivation conditions but experiments should be started 
to discover wbcther cow pea manuring is reaLy beneficial at the Jorbat 
Station. 

Tlie Eniomological Laboratory is in charge of Ulr. K, 0. Shaima 
who is studying the incidence of insect attack on the sugarcane usmg 
light traps to catch the inseclsO)- He is also making studies of 
bees. 

In the Mycological Section various fungal and bacterial diseases 
found on the farm arc studied. 

In the Chemtcal Laboratory Hr. Pliookan among other activities 
is making a soil survey of the sugar cane tracts. Sugar cane in 
Assam is rain-fed and tlierc .'oems to be considerable possibility of 
extending the area under cane; a considerable amount of land said 
to be suitable is not at present fully used. 

It will be interesting to see how far the sugar cane industry 
develops in Assam. At the outset expert opinion was rather against 
it; the disadvantages being low tonnage, unhealthy climate, diffi- 
culty of road communication and scarcity of labour. There is the 
further difficulty that tlio sugar cane is much liked by jackals so that 
it is necessary to grow varieties with liiid sufficiently hard to be safe 
from them. Several of the Coimbatore seedlings combine thi.s charac- 
ter with high jdelding capacity. 

The experiments seem to be better conducted than they were in 
the beginning and their small cost relative to the acreage of cane 
raises the hope tliat they may justify their continuance. 

Rice Investigations. ' 'o. m 

Deep water paddy: Hdbiganj, Surma Valley. 

Grant : Es. 1,17,882 for a period of 5 years. 

I was not able to visit this station, but Mr. Majid, the officer 
in charge, met me at Sylhet and explained the results. 

Three types of rice are grown in Assam : — 

(1) Spring or boro; 

(2) Summer or Aus, of which there are three sub-groups : 

Dunioi, Murali and Ohanghir; 

(3) "Winter rice subdivided into Sail, for which the optimum 

water depth is about 3 — 6 inches; and the deep water 
or long stemmed Aman paddies. 

The Aus and Sail varieties are studied by Dr. Mitra, ns part of 
the Departmental work; Mr. Majid is concerned only with the Boro 
and Aman varieties. 

The deep water or long stemmed paddies, for the study of which 
the grant is given, are among the most remai'kable plants in India. 
They are sown about Marcli on tlie low l 3 'ing land, and by June, when 
the monsoon floods come, they have attained a stage of such vigorous 
growth that they can keep pace with the rising water level even tiiough 
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tlic lise be ns mucli ns 6 to 12 inehes in 24 hours and the final depth 
attain to 20 feet. 

When the water rcetilcs at the end of the flood season, it leaves 
brhiiid Jnasses of entangled lodged plants, 12 or 14 feel in length, 
which makes the experimental work very difficult; a special tcchni.iuc 
hn.s to he devised. 

In addition to his piincipnl work of selection of pure lines for 
mu tiplic.ition of iironiising strains and for h.vhridisafion, !SIr. ]ira.iid 
tak«is flnil.v measure of the grow th isitcs during the flood season by 
means of long bamboo canes, the work being done from a boat. Tlio 
data are to be properly wor3:cd up in I’rofessor ^lahnlanoijis’s labora- 
tory and should ghe some very interesting icsnlts. 

Mr, Majid ’s work appeared to me to be very good. 

Potato Experiments — Upper Shillong Experiment. 

(Visited March 3rd, 1937 ) 

The bills i*ound Shillong are very suitable for the growth of 
potatoes and the hill people have developed a mclboJ of shifting 
culli\alion called .jlinming, in wliieli branebes of trees arc spread 
over the virgin soil nnd then fired: the heat makes Hie sail friable so 
that it can easily he cultivated. Potatoes are then planted. Two 
crops a year can he obtained The main crop is planted in Pebniary 
nnd Jlnrch, then harc’csted in July and August. A second crop can 
fol o\v immediately nnd he harvested in November. The main crop 
rarely exceeds 3 tons per acre on ouUivntors' land, though it amounts 
to 4 or .■> tons on the experimental form ; the w inter crop is used for 
seed. 

The experiments con'i't in testing different varieties nnd various 
ferlilieers Tlie land, however, is xery uneven and fpiite nnsnited 
for this pniposo T'^nfortunatelv the crop is subject to a good deal 
of disease, particularly phylophthn'r, virus diseases, various rots on 
storage, Fn^ai inm, ete., and in extreme cn'es ns much as 20 per cent, 
of the seed may bo lost. A Myco ogist is badly needed here : he 
should work under tJie guidance of the Plant Pathologist at the 
Central Institute. 

At present there is no .sehome in operation under the Council, 
but when the potato investigations in the Nilgiris nnd at Simla are 
further advanced, the possibility of including Shillong in the scheme 
shon'd be considered. The crop has eonsidernhlc importance in the 
Province, bciiifr grown even hy the smallest cultivators; in addition, 
important supplies of seed might be obtained from hero if the diffi- 
culties caused by diseases could be overcome. 

Assam Fruit Fcsearch Scheme the Khanpara orchard. 

Grant : Rs. 37.424 spread over a period of 5 years, to provide a 
Iiortieultnrnl assistant for the Director of Agrieultnrc, Mr. J. N. 
Chakrnvarti. The main item is the work on citrus. 
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Travellers along the magninccnt new road from Shillong to 
Sylhct are familiar with the sight of oranges brought by cultivators 
to collecting stations where they arc loaded on to lorries for delivery 
to the town. The citeus trees arc probably indigenous; hitherto 
they have never been adGquato.y studied cither as fruit producers or 
as sloclia on whicli to bud other varieties. The Khasi orange seems 
to have definite possibiliUc.s which will no\v be investigated. 

Bananas are also commonly grown, and there seems great scope 
for their improvement. 

BENGAL. 

Calculla Jjiiivcri,iiy and other scientific Jnsiitntions. 

Calcutta i.s one of the most important centres of scientific acti- 
vity in India and several of the investigations are supported by the 
Council or bear closel 3 * on its work. I made four visits to the city 
and on each occasion spent most of my time with one or more of the 
scientific workers so as to gain a fuher knowledge of what they were 
doing. 

Colloid Soil Constituents — ^Professor J. N. Mukherjee. 

(Visited January 38th, 3937.) 

(Grant sanctioned : Bs. 32,910 spread over a period of 8 years.) 

It is now ividclj' recognised that the colloidal constituents of the 
soil arc responsible for many of its most important properties includ- 
ing its power of holding water, of forming crumbs and tilth, and its 
general relations to plant growth. In all countries whcrc^ agricul- 
tural •’cience is seriously studied inve.s(igations on tho soil colloids 
are in progress. 

TIic subject, however, is extremely difficult, requiring for its in- 
vestigation not only training in physical chemistry, which any intelli- 
gent cliwnist could acquire, but a gift foi- research which is cxlreniCiy 
rare. Ifortunalcly Profe''Sor Itukerjcc possesses the necessary quali- 
fications and his investigations on soil colloids arc recognised in 
Europe ns being both sound and important. 

Ilis programme is the study of the properties of the hydrogen 
(acid) clays. He began with the simplest case; a non-colloidal 
sparingly soluble acid, cinnamic acid; he determined its titration 
curves by tlie potculiomctric method and studied the inllucnce of 
the .solid phase. In absence of Uio solid phase tho curves could he 
interpreted in the usual way and the dissociation constants satisfne- 
torily obtained, hut in the presence of the stolid phase no constants 
could be obtained, the values diilcring at different parts of the curves. 
Ho tlien proceeded to the more complex case of relatively^ simple 
colloids : palmitic acid and silicic acid sols and obtained their titra- 
tion purves, studying their divergencies from the simpler case. Pinallj' 
he proceeded to the far more complex hydrogen clays and studied 
the mobilitj' of the hydrogen ion under dilTorent conditions. 

Professor Mukerjee is fortunate in having the help of a group 
of competent students and as.sis1nnts, and tlie investigation is not 
only adding to knowledge of the soil hut is also affording a sound 
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training to a munbcr of promi&ing young men. It should certainly 
be continued. 

In viciv of the very good phjsicnl laboratories available in 
Calcutta it is very dcshable to make physical studies of the clay by 
the modeni X-raj’ and optical methods which are now giving much 
new infonuation on the subject. Tlie^c, however, should not be re- 
garded as a mere extension of the chemical investigations but as 
work for an experienced and ab.e physicist. 

Professor Jlukerjcc is the omy man in India — or indeed in the 
whole of Asia — who is working on tliese particular lines and in con- 
sequence ho has but little ojiporlunity of discussing liis experiments. 
With so complex a subitaiicc ns acid clay there arc always difiicnltics 
in interpreting results and I rcconuntnd that Professor Mukerjee 
should he giien facilities for proceeding to JDngiand for six months 
in order to settle down in a good sod laboratory, preferably at 
Rothamsted, and repent sonic of his experiments there, so that the 
significance ol the I'csuUs can be dh cussed with otlicrs engaged in 
siinilai; investigations. In view of tlie good start that has been made 
I consider that a period spent in this way would prove very valu- 
able. 

Statistical Divcstigations ; Professor P. R. Mahalanobis. 

(Grant sanctioned ; Rs. 52,623 to be spread over 10 5 ’cars.) 

TJiesc are among the niost intciosting I saw in India. 

Professor Mohalanobis’ investigations have lorgely been shaped 
by his two great teachers: Einstein and Tagore, lie began ns a 
physicist, but under Einstein ho naturally became attracted to the 
mathematical side, and developed a flair for mathematical statistics. 
His first important studies were on rainfall and floods in North 
Bengal in which he showed that tlie damage was done, not bv water 
coming from outside, but from the rain falling within the area. It 
has been proposed to set up dams and reservoirs to keep back the 
outside water : his investigations showed that tlie proper treatment 
was to provide belter drainage. Later investigations dealt with the 
Orissa floods and with the need of storing water for tlie Hoogly- 
Ilowrah irrigation sdicme. 

Ills present investigations fall into three groups: — 

(1) Pure staiiitin. — This .section is in charge of Mr. S. C. Bose 
who has used successfully hypergeomelric methods on a number of 
problems, some of anthropological, others of agricultural interest. 
Five characters of four varieties of Am.nn idee were studied and 
from investigations of the dilTcrcnces it is hoped to arrive at some 
mathematical description of a larictj*. 

With clmracloristio ontcriwise Professor MahalnnobLs has started 
a mathematical journal Snnkhyn in which these necessarily nhstruso 
papers can bo published. This deserves more financial support than 
it receives. 

(2) Agricultural problems . — ^This section is in charge of Mr. 
S. S. Bose. Here the field experiments on rice at Chinsura were 
designed and the results worked out: t\vo feeding experiments were 
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also clcsigned for Dacca : one was to ascertain the digestibility of 
protoin in straw and in cake, both being fed logetJier ; the other was 
to compare two foods os milk producers when iod to dairy cattle. 

(3) Village surveys . — Pioni Tagoto Professor JDibalanobis 
imbibed wide bnmanilarian toacliings which gave him an abiding 
interest in village w’olfai'e, so that ho has devoted considerable time 
to developing methods for making proper snn'cys. There arc some 
90,000 villages in Bengal, and the task of surveying them all would 
be hopeless. Chance polcelion of individual villages might lead to 
very misleading results. It is proposed to survey one village in a 
hundred by n elfurc workers, making a properly randomised selec- 
tion: the cost is estimated at about ILs, 200 per village. Professor 
IMahalanobis laj's great stre.ss on the need for the wc.farc worker 
being a true resident in the village and not a mere visitor : he should 
also ho ohiionsly earning liis own living by starling a sclmol, giving 
medical aid, selling medicines, seeds, yarn, etc., or marketing village 
products; hut lie must also be given a subsistence allowance for the 
first year. 'Die central organisation must of course keep touch with 
him and look after iiim; if one village will not receive him, he must 
he transferred to another. 

Professor IMaUalnnohis recognises, however, that the lack of 
suitable workers is more serious, and more difficult to remedy, than 
lack of funds. 

, In addition to these research activities he is actively ocenpied 
in liio training of j'onng men who can apply slalistical methods to 
agricultural prohloin.s. The .subject being new it docs not come in to 
the ordinary CniYensity course cxceiit in on elementary -way, and 
Professor Jrahnlaiiohis has good facilities for giving special addi- 
tional training, Jt is desirable that such facilities should be avnilnblo 
in Judin, Iho more .^o as his old alndcnls ran always consult liim in 
any dilficullies they meet in the course of their work. 

The work of this .section is so good and so lielpful to investigators 
in agriculture that it sliould certainly be eoniinuecl, and sympathetic 
consideration hhonld be given to the possibility of extending it. Tlio 
Statistical problems rniiecl by tlie Coxmeil’s work are so numerous 
that (he Council's stfiti-.tieian could not possibly deal with them atl, 
and it is very important that the .additional help whicli Professor 
Mahalanobis render.s hhould he available. 

Botany Department. 

This department is Imnscd in the former residence of the Into 
Sir T. N. Palil, one of the patrons of the Trnivcr.sily, who gave his 
residence and ground for the purpose. Tlie ITe-id of the Department, 
Piofes.sor, S. P. Agliarlmr, is an active organiser. In addition to 
purely botanical .studies tlie inveslig.sti()m include some that bear 
on agricultural prolilems: eytological studies by P. N. Bhaduri and 
P, K. Bose and Miss Sally Meyer; algae of paddy fields by J. 0. 
Bnnor.ii, tlie Keeper of tlie Ilerbarium; the pliy.siology of parasitism 
of certain fungi liy P, V. Gliabale and TI. K. Damn : and water require- 
ments of the rice plant by B N. Ghosh. Fortins latter special cement 
lank« have been constructed in the grounds, hut the work is as yet 
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in its early stages.. It is proposed to study water hyacinth, a terrible 
water weed that does increasing daningc in water courses and tanks. 

No scheme fostered by the Council is at present in hand, and 
therefore I make no report on the very interesting work being done 
here 

Zoological Department. 

Professor II K. Mukhcr.ii is head of the Department and showed 
me two investigations of Agricultural interest though both outside 
my province ; I must, however, mention them becanse of their 
importance. The Indian silk worm spins a cocoon containing about 
600 ft of thread, yellowish in colour. The Italian silk worm on 
the other hand spins a eoeoon having 800 ft of thread which is white. 
These differences are being studied and the knowledge gained may 
lead to improvements in the making of Indian silk.{^) 

The work on the cultivation of edible fish is fostered by a grant 
from the Council, but as the subject is outside my purview I cannot 
report on it I can only say tliat I regard the subject as very 
important : the stocking of the village tanks with fish would not only 
provide the villagers with a food containing a much needed supply 
of good quality protein, but would also help in keeping down 
mosquitoes. 

Calcutta — School of Tropical Medicine. 

(Visited January 19th, 1937.) 

' (fl) Cultivation of Medicinal Plants ; 

(li) Study of Pood poisons : 

Grant sanctioned • Bs. 62,8G0 spread over 5 years. 

The purpose of the first part of tliis scheme is to study the 
medicinal plants growing in India ; it was hoped also to encourage 
their cultivation but this has proved very difiicult India is rich in 
medicinal plants, and Colonel Chopra began by collecting the 
scattered information already existing and putting it into a form 
available to medical men generally. (®) With the assistance of 
Mr. B. L Badhwar, the Botanist, he is now widening the scope of 
the enquiry and seeking new information about the occurrence of 
medicinal plants and also about their therapeutic action. This will 
necessarily take a good deal of time. 

Unfortunately through no fault of Colonel Chopra the Agricul- 
tural Deportments haA'c hitherto shown but little interest in. the 
possibility of cultivating medicinal plants : a few have experimented 
with one or two plants but there has been no sj'stcmatio study to 
correspond with the laboratory work. Yet if the full advantage is 
to he gained from the investigation it is essential to find out whether 
the plants can be grown in practice and if so whether they lose their 

(1) The Bengal Department of Agricalhjro line done some good work — 
rccenth’ transferred to tlio Bengal Industries Department — on the improvement 
of Indian silk worms. Miss Clegg’s studies of the various races and hybrids 
deserves mention. 

(®) See his useful volume Indigenous drugs of Indm, Art Bross, Calcutta, 
1933 « 
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so-called “ active principles ” on cultivation — as does sometimes 
happen. The Council is dealing with this matter. 

The investigation of food poisons has proceeded slowly. There 
are in India a number of food poisons about which little is commonly 
hnown : poisoning of the nature of ergotism is occasionally reported 
as the result of eating infected barley, oats, or wheat ; the pollen of 
certain grasses has harmful effects ; and lathyrism results from a 
too exclusive Lathyrus diet. At the pre.sent time epidemic dropsy 
is being studied : this is usuallj’ attributed to some infection of food, 
especially rice and mustard oil. Investigations of this sort are 
necessarily slow and there is no point in trying to hurry them. 

The School of Tropical Medicine is well equipped for the enquiry. 
It has good departments of Ohemisti-y, Pharmacology, Pathology, etc., 
and a competent staff, having the advantage of Colonel Chopra’s 
guidance and accumulated experience in regard to standard medicinal 
preparations. The work should certainly be continued. 

An. investigation in the Gliemical Department on Satissurea 
lappa — a potent insecticide in addition to its other properties — 
suggests that this Department could render useful help in conneetion 
with the Council’s plant insecticide investigation. 

Physiology of the rice plant. 

In September 1936 the Council approved, subject to the Govern- 
ing Body’s sanction, a grant to Dr, B. Sou, of the Vivekananda 
Laboratoix Calcutta — a private institution not forming part of the 
University — 'Of Us. 7,500 to be spread over three years for the purpose 
of studj'ing the effects of various cations and anions on the proto- 
plasm of root hairs. 1 was not able to see this work, and cannot 
Uierefore report on it. 

Bice Experiments, Chinsurab. 

(Visited January 21st, 1937.) 

Bengal has a larger area under rice than any other Province or 
State in India : no fewer than 20.7 million acres out of a total of 
79.5 million acx’es of British India. Nevertheless in average years 
the crop is insufficient for the needs of the Province, particularly in 
the eastern part, and rice has to he imported from elsewhere ; only 
when unusually liigh yields are obtained does the supply meet the 
demand. Parts of the west of the Province usuallj’ have a surplus 
which, howe%’er, is not easily sent eastwards because of transport 
difficulties. 

There seems little scope for increasing the area under rice and 
consequently the Department is aiming at increasing the yield per 
acre by the inti’oduction of improved vax'ieties and methods. The 
present work is based on the classical inve.stigations of G. P. Hector. 

The problems of eastern and northern Bengal are studied at 
Dacca where rice breeding has been going on for some 25 years, For 
western Bengal two stations liave been set up : one at Banlcura, 
about 100 miles north-east of Calcutta, and the other at Chinsurab, 
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about 25 miles to the north of Calcutta. The Council has made a 
grant of Es. 1,56,322 to be spread over five years for the work of these 
two stations The experiments are under the supervision of I^. S. 
Hadayatullah ; the Chinsurah farm is in charge of Mr, S. C. 
Chakravarty with Mr. E. A. E. Baiicrjce ns Chief Assistant, and the 
Baukura farm is in charge of Mr. K. C. Bnnerjee. I was not able 
to visit the Bankura farm but the Oflicer in charge met me at 
Chinsurah and showed me the results of the experiments. 

There arc some diircrenccs in conditions between these two 
stations. At Chinsurah the land is flat and is irrigated : at Banlnira 
the land slopes and is terraced ; necessitating special arrangements 
of the plots ; there is no irrigation, the water supply is entirely from 
the rain. 

At both stations both Aus and Aman varieties are studied, the 
Aus being high-land types grown with rain only, sown in April, 
usually having a fixed life period of 90 to 115 days independent of 
the time of sowing ; while the Aman varieties are low-land rices, 
sown in beds in June, transplanted in July ; they have a constant 
flowering date in mid-October independent of the time of sowing ; 
and are harvested in Novcmbcr-Dccembcr. Economically, they are 
the more important, covering about three quarters of the area under 
rice. 

As at other stations, a considerable collection of varieties has 
been made out of which the sepai'atc types have been selected. The 
agricultural characters are then studied and promising strains are 
cither multiplied for distribution or used as parents for hybridisa- 
tion. 

Before beginning the field work a very sh'iking uniformity trial 
was made at Chinsurah — one of the most impres3i\c that has been 
carried out in India. Professor Mahalnnobis designed it and worked 
out the results deducing \aluablc information in regard to the 
optimum sire and shape of the plots. Another interesting experi- 
ment, also designed by Professor 3Ialialanobis and made at Bankura, 
shows the effect of various treatments, such as age of seedling at 
transplanting, broadcast sowing, and dibbling, with different varieties, 
while at Chinsurah an even more coinple.v experiment is carried 
out — three varieties tested against four ages of seedling, 3 spacings 
and 3 different numbers per seedling per hole 

These complex experiments have several statistical advantages, 
but beyond a certain limit the practical difficulties become so groat 
that they are liable to brcalt doun ; nothing but actual trial can show 
where the limit lies and it varies with the officer in charge. 

At neither station arc any manurial experiments made as yet 
though there are pot experiments at Bankura. 

The work here is well done and the proximity to Calcutta enables 
Professor Ifahalanobis to give the necessary assistance on the statistical 
side. 

Dacca University. 

(Visited March 5th — ^7th, 1937.) 

"When the Dacca University was established in 1921, the old 
Dacca College Chemical Laboratories were considerably extended 
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under Professor Ghosh and further developments have gone on since 
that time. 

Two lof the Council Schemes arc carried out here dealing 
respectively with the nutrition of rice and the mechanical analysis of 
lateritic soils. 

Biochemical work on rice. — ^Dr. Ealipoda Basu. 

Grant : Es. 21,600 for 5 years. 

This work consists in two parts ; chemical analj'sis of both Am 
and Aman varieties ; and feeding experiments, by both balance .sheet 
and growth rates methods. It is subsidised from the Indian Rcsearcli 
Fund Association and is being done in association with Dr. Aykroyd 
and W'ith Professor Wilson who is in charge of Hygiene at the School 
of Tropical Medicine, Calcutta. 

Dr. Basu has found some interesting differences in the cystine 
content of the Aiis and Aman varieties ; the former containing less 
than the latter. The worlc seems to be good, and the linking up with 
the medical side is a particularly sound feature. 

The Council’s other schemes on quality in rice, and the proposed 
scheme for Sabour, should be reviewed in the light of these investiga- 
tions to see if they are really necessary. The subject is of course 
of great scientific and medical interest but it need not be taken up 
nt more than one Institute. On the other hand the important ques- 
tion of finding practicable methods of supplying the nnU’ients in 
which rice is known to be deficient must be studied at a number of 
centres. 


The nitrogen nutrition of rice. 

This is being investigated in the Chemical Department by 
Mr. Prai Kumar De. The problem is interesting, though largely 
academic. The export of rice from Burma and Bengal has gone on 
for many years, rcmo\iiig much nitrogen from the soil. No nitrogen 
is ever put back, and yet the soil fertility is apparently unimpaired ; 
there must Ihereloro be some recuperative agency. This is an old 
problem in agricultural chemistry ; it ivas stated very much in these 
terms by Bertliclot in 1885 and it has been continuously discussed 
ever since : the explanation now given is that some of the soil 
organisms fix gaseous nitrogen from the atmosphere. The action has 
been well studied iu western countries, and Mr. De is proposing to 
investigate it here j he is examining the possibility of fixation by 
the combination of Alfjoj with baclerin, an action sliown to take place 
by ICossowilseh in 1894 and much studied over since. He is at 
present working under Professor Pritsch at the Queen Mary 
"University College, London, endeavouring to separate algie from 
bacteria so as to ascertain what part eaeli phiys in the process. I 
leam from Professor Pritsch that Mr. De is making satisfactory 
progress with the investigations and I recommend that he ho given 
such additional time as is necessary for their completion. 

‘ Tile investigation is very suitable for a University laboratory. 
It could be extended to include a repetition of the work of Harrison 
and Aiyer on the part played by aJgro in supplying oxygen to the 
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rice roots — also a matter of seientifio interest. As a University- 
problem the question •whether the work is likely to lead to praotionl 
results does not arise : in Java, where the investigations arc in tlie 
main practical, the function of the algm in paddy fields is no longer 
studied ns they arc not regarded as playing any part that can be 
controlled. 


Respiration of rice plants. 

In addition to the Council’s Scheme there are other investiga- 
tions proceeding in Professor Ghosh’s laboratory, among them one 
on respiration and assimilation by rice plants, using some ingenious 
micro-chemical methods designed by Professor Ghosh, who is very 
skilful in these matters. 


Jute. 

A couhiderablc amount of interesting work is being done in the 
chemical department under Professor J. C. Ghosh on the chemical 
and physical-chemical properties of jute This subject comes under 
the purview of the new Jute Committee, and is therefore outside the 
province of the Council and of this report. 

The investigations of red soils. 

Grant : Us. 71,479 spread over 8 years. 

The red or latoritio soils of Indio form a very important group 
which is being studied by Dr. Ashutosh Sen with a staff of 
assistants 

A striking charactcrislic of these soils is that while they are rich 
in the clay fraction (particle sire : below .002 mm. diameter), con- 
taining up to 40 per cent, of this finest material, they can still be 
cultivated svhen wet ■vvitbout having their texture ruined. As a rule 
they are not very fertile. 

lie has designed a method for the mechanical analysis of these- 
soils. It is noil known that the international method is not entirely 
suitable for latcrites and lateritic soils and when Dr. Ashutosh Sen 
came to Dacca in 1930. he contimied some investigations ho had already 
begun at Eothnmstcd and show'cd that the international method could 
bo used though it was not at all convenient. In the fir»t place it 
requires llic use of hydrogen peroxide as an osidizing and dispersing 
agent, and in India this reagent is both expensive and unstable. lie 
therefore set out to find a substitute and showed that alkaline 
permanganate is quite satisfactory', being inexpensive and free from 
objectionable properties in use. 

He is also studying the general chemical and physical properties 
of these soils, and in view of the importance of the group, and of the 
specinl knowledge which he has acquired T recommend that he be 
allowed to devote himself to tliis work, and that he should establish 
contact with workers on similar .soils in the West Indies and Central 
.Mriea so as to see ho-»y the Indian soils compare with these other soils 
in chemical and physical properties. The problems involved are of 



163 


wide-spread scienlific interest, and in view of the circumstances that 
the name “ latorite ” originated in India as a result of Buchanan’s 
early observations, it seems only fitting that the Indian soil scientists 
should continue to hold an important position among the workers on 
this particular group. 

Considerable data have been accnmulalod relating to the physico- 
chemical properties of the clay in these Interie soils, and it is advisable 
that these should be statisticall 3 ' analysed either by the Council’s 
Statistician or in Professor Mahalanobis’ laboratory. 

Organic matter in the soil. 

Grant : Ks. 11,200 spread over 5 years. 

The programme includes estimations of carbon and nitrogen in 
various fractions of the soil organic matter ; determinations of groups 
or elements present in a so-called “ humic ” acid obtained from 
pent ; and estimates of the loss of flic various organic components of 
straw during humification. 

These arc standard methods which have frequently been applied 
to soils in other countries though unfortunately witliout giving much 
information. The problem is one of the most difficult in the whole 
range of soil chemistry because of the extraordinary complexity of 
the mixture and the difficultj’ of ascertaining whether any particular 
substance isolated actually existed in the soil or is only a decomposi- 
tion product resulting from the chemical treatment. 

At the time of my visit the Chemist was endeavouring to extract 
organic substances of the soil hj' the Sohreiuer and Shorey method 
devised in 1910. The workens should study the recent literature and 
adopt some of the more modern methods. 

Investigations of the nitrogen cycle in paddy soils. 

Studies in the changes of the nitrogen compounds iii paddy soils 
are also being made ; these are except ioiinllj' difficult, owing to the 
variahilitj’ of the soil, and T am not snti'-fied that the sampling 
technique is adequate. The question sliould be discussed with the 
statistician and a method worked out that avoids the errors duo to 
differences in compactness of the .soil at difforeul dates of sampling, 
and also allow.s the error of sampling to be oatminlod on each occasion 
BO that a valid estimate can he made of the significance of the analytical 
figures. 

No cvidcuee could he found in support oi' Professor Dlinr’s claim 
that sunlight brings about nitrogen fixation in llie soil. 

The Dacca Form. 

Tlic farm is not part of the Universitj' but is under the Depart- 
ment of Agriculture. Hitherto the research work has been in charge 
of Mr. M. Carhery, hut now that he is appointed Director of Agricul- 
ture he will have less opportunity for close supervision. The Council 
gives a grant of Us. 22,570 spread over 5 years for the .study of the 
phj'sical properties of the soil of the farm, the work being done by 
Babu Slanindra Nath Ohaklndar under Jlr. Carhery ’s direction. 
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A unmbcr of dctcnninntioiM ]m^c boon made of soil moisture, 
rates of evaporation, etc. It is at present a little diflicult to see 
■where this work is leading, and if Mr. Cnrbery finds it necessary to 
give up the active direction, I .susgest that it be put under the control 
of the Punjab Irrigation Station •wiiere a somewhat similar problem 
is under investigation. 


Bice Improvement. 

Nearly 1,000 classified pure line strains of Aus (higbland autumn 
paddy) and of Amnn (lowland winter paddy) are grown, and their 
agricultural and botanical charncfer.s noted. Prom tlic-o desirable 
strains will be selected. This work, like that at Cbinsurab, is a con- 
tinuation of licctor's classical work on the Eastern Bengal rices ; it 
is on similar lines to that at Cbinsurab ; it is not aided by the 
Council. 


Dacca Sugarcane Seedling Testing Station 

Gp.snt ; Its. 21.830 spread over 10 years 

The purpose of Ibis work is to test sugarcaue sccdling.s with a 
view to finding their suitability to various conditions in Bengal. 
Coimbatore canc CoOl.'l has proved successful and it is used us n 
standard for testing new' seedling' A certain number have already 
been picked out n/> deserving fnrthcr investigation. 

Linseed improvement. 

The oil content of Bengal linseed is very variable ranging from 
35 to 42 per cent. If is proiio'-cd to collect pure types from Bengal 
and aloo from other provinces to study their agricultural propcilies 
and select varieties that could be recommended for general cultiva- 
tion. It is very do'^ivable to improve the linseed crop and tliis work 
is worthy of support. 

Krisbnagar Fruit Station : Nadia District. 

Cn.vKT : Bs 57,030 spread over 6 years 

This station has only recently been slarlcd and T was unable to 
s]isit it The piogj-atnine consists in varietal, manuiial and propaga- 
tion trials with mangoes, jmpaya. pineapples, Icilchis. guava, plantain 
and citru-j fruits 

Power Cnne Mills for Crushing, gur boiling plant. 

The Council 1ms given grunts to the TTnilcd Provinces, Punjab, 
Bihar and Oi'issa and Bengal for doing cxpcrhnentnl work on cane 
crushing and gur boiling plants. The Bengal grant amounts to 
Es. 5,/03 spread over 3 yearv 

The importance of replacing the present bullock-driven mill by 
power cnislnng plant arises from the congestion of form work in tlio 
early part of the year. Tn Bengal the very large paddy crop ripens 
mainly m December and its threshing begins then and continues into 
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Pebruarj'- or later. Also the J:harif season comes early and sowings 
begin at the end of Pcbruary, and continue till May or later. The 
cultivator is tlicrcforc verj' busily occupied at llie beginning of the 
year and when in Jnmiaiy tlic sugarcane starts ripening he is unable 
to spare his bulloelcs for working the crushing mill. An effective 
power mill would be vei'y valunhlo. The Bengal bullocks are in anj' 
case among the poorest in India 

The VisvsuBharati activities. 

At the invitation of Dr. Rabindranaih Tagore I was fortunate 
in being able to visit the Visva-Bliarati, Santiniketnn and to spend 
some time both there and in the Sriniketan section where a serious 
effort is made to devise niclhod.s for improving the life of the village 
in all its aspects, including agriculture, village industries, organisa- 
tion of social services and nbQ\e all the instilling into the young 
people of the village the sense of their responsibility for improving 
the conditions in the \il!ages. A number of experiments arc being 
made with the purpose of finding the he-st way of edneatiug the 
children in the village ; it is certain that the ordinary literary educa- 
tion of the fomi school is qiiife unsuitable. Some interesting village 
surveys have been published which include not simply the economic 
factors, but go fully into questions of bocinl conditions, religious 
observances, etc. These village surveys have the advantage of being 
Bupervi.S(!d bj’ Professor P. C. Mahalanobis, thus casuring that the 
statistical basis is sound. 

The rural economic research which was proceeding at the Institute 
is in Ibreo directions ; — 

(1) Agricultural production ; 

(2-) Eural surveys ; 

(3) Study of the village psj'cliology and human t-clationships. 

The work, however, is not confined to the Institute : it extends 
to the villagers themselves and I had an opportunity of seeing some- 
thing of it. This outside work continues the purpose of the 
Institute : it aims at improving tho ninfcrial conditions in the 
villages by raising the standard of farming, introducing new varieties 
and improved methods, improving also the wafer supply for village 
use and for irrigation by clearing out the old tanks that have heen 
silled up through negligence. Over a hundred irrigation socictic.s 
have been organised for this purpose and the total area irrigated has 
been 1,283 acres. Tlie Visva-Bbarnli Co-operative Bank has 268 
nffilinted primary societies, mostly credit with unlimited liability. 
42 irrigation .societies and one co-operative stoi'o. A feature of the 
work uliich impressed me very favourably was the deep interest taken 
by the workei-s in the welfare of the cultivators. Tliey are inspiz’ed 
by the true missionary spirit and they recognise that the surest wny 
of accomplishing their pui'izose is to organise life villagers to improve 
their own conditions. The work is done by the villagers themselves 
under expert guidance from the Institution 's staff, and inspection of 
two of the villages showed that the eullivntor.s have been made 
stififieiently inicreslcd to aceomplish a great deal without any otiior 
reward than the improvement of their village. Hoads have been 
m.ade and drains constrnelcd and the villngers Imve been taugJit to 
keep their villages clean. 
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Consulprable nttention ii Ge\otc(l to tlie handicrafts of tlio 
village. Weaving and leather work have both been considerably 
improved and a new industry — batique— has been introduced. 
Further, tlie cleaning out of the old bunds and the improvement o£ 
the channels for irrigation and of the roads, has given the culthator 
greater possibilities of using hts land to advantage. 

The Council has given a grant to Srinikolan for working out 
methods for the systematic improvement of village life. Methods 
adopted in other countries aie studied, hut it is recognised that new 
methods must he evoUed suited to Indian conditions. 

The statistical side is under the supervision o£ Professor 
Mahalanobis. 


BIHAR 

POSA. 

Imperial Bescareh Institute Botanical Suhslation. 

(Visited Pebruary 38th, 3937.) 

Fortunately neither the hotanicnl laboratories nor the plots 
sulTorod during the earthquake, and the work is continuing under 
Jlr. 33. P. Pal. Like the Station at Karnnl, this is an extension of 
the Delhi Institute available for general agricultural botanical pur- 
poses. There are ohsious advantages in establishing a sulistalion 
here and I iccommend that it be put on a jicrmanent basis as early ns 
is convenient. Mr. Pal is conccnlraling on two pisiblems. the searcb 
for varieties of nlient iesi«tanl to rust, in association with Dr. K. 0. 
Mehta of Agra ^ and for varieties of potatoes resistant to lute hligUt. 
This latter problem is more dilTlenll than it appears, hut he is using 
ns parents certain varieties from RontU Aworicn whioh, liones’or, 
though resistant, possess undesirable charaeterb that hove to 1)0 
eliminated 

He is working also on the mosjiie disc.ises of tohnreo, of which ho 
has found Ji types, 4 of nhicb seem to be distinct nliilo the 5th is a 
mixture of two others. 

This work appears to be quite good 

Tho Sugarcano Research Schemo, Bihar. 

Muslicri Research Station. 

(Visited Fobniary 18tb, 1937.) 

Ghant : Its. 2.25,850 to he spread over 5 years. 

Sugarcane Specialist : Mr. K. L. Khannn. 

The programme consists mainly in selection of more snitablo 
varieties for the different areas of the Prosuncc. the finding of disease 
resistant varieties, and of early and late maturing varieties. 

This station suffered very badly in the cnrlhquako of 1934 and 
many of the plots were damaged. 
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Mr. Khaniia is malring numerous studies of tlie relation lietwecn 
the various properties of tlie cane, -with tlic view of finding early indi- 
cations of yield caijacity. Tims he finds that the weight of dry 
matter per plant during J uly and August is highly correlated with 
the final yield of sugar in the foUo'wing February ; a series of rela- 
tionships of the sort would enable good canes to be selected at an 
earlier stage than at present. Under present methods 7 years must 
elapse between the production of a new cane and its confident reco’n- 
mendation to cultivators. For the first 3 years it is confined to <he 
nursery ; in the fourth and fifth it goes into field trials at the station, 
in the fifth and sixth it can go to the mill for mill trials ; and in llio 
seventh it can be distributed to various centres. The work could bo 
considerably lightened if good correlations could bo traced between 
properties showing in the seedling stage and the desirable l•ba^acters 
required in the field crop. Further he has sbo^v^l that the yield of 
sugar in February is closelj’ correlated with the readings given by 
the pocket rcfraelometer of samples of juice extracted with a ayringe 
during the preceding growing season. From these readings he is 
working out a prediction equation to show the grower what yield he 
may expect, and he is simplifying both syringe and refractometer 
with a view to malting them more convenient for use in the field, lie 
is also investigating the possibility of testing the vigour of canes by 
injecting various salts and observing their cifeets on tlie leaf. If 
these tests should prove to he valid they would be very helpful to the 
breeder. Chemical studies arc being made on sampling technique 
and on tlte progress of ripening and the maintenance of juice quality. 

Mr. Khauna is also making studies of drouglit resistance. Tills 
district of northern Bihar is peculiar in that most of the sugarcane is 
grown here without irrigation ; out of about 4 million acres under oauo 
in Bihar about 350,000 are rainfed. The really important test of the 
different varieties is their beliariour during the dry season. Almost 
any variotj' grou's well during the monsoon, but the crucial test is the 
growth during the diy five months from Fehruai'y to mid-June, when 
the canes have no rain but are dependant entirely on soil moisture. 

Some varieties of sugarcane ripen in Mushsri and produce viable 
seed ; it would be possible to breed sugarcane if tliis were ever 
desired. 

Like several other of tlie younger workers I met, Mr. Khanna is 
interested in modern .statistical methods and has taken much trouble 
in trying to understand them ; be is an ingenious experimenter and 
I was favourably impressed with his work. lie will do even belter 
when he can concentrate on one or two problems instead of scattering 
his energies over many. I recommend that at an early date he should 
he sent to England for a term of study in Uie Statistical and Crop 
physiological Departments at Bothamsted, 

This part of Bihar is the old indigo-growing region, and .some 
of the European planters still remain. When indigo eultivalion 
became unprofitable they took instead to sugarcane. Their standards 
of cultivation and management are high and they fully understand 
their work. Further, they adopt a method much used for the indigo 
crop : they contract with the factories to supply a large proportion of 
their requirements, growing a good deal themselves and arranging 
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■wiCL r/ip surrounding small cultivators to produce the remainder. 
They advance money to these cultivators, but require the cane to bo 
grown according to their instructions : they decide on the variety, 
manuring and cultivation and see that these are properly done. The 
arrangement has many advantages. 

The presence of this shilled and intelligent planting community 
is a great advantage to the research workers : constructive criticism 
is possible and useful results can speedily be put into practice. 

Sabonr. 

(Visited February 21st and 22nd, 1937.) 

The Sabour Institute was started as an Agricultural College, but 
it is now restricted to agricultural investigations. 

Investigations on rice. 

Bihar has some 15 million acres under rice and produce', about 
one-fifth of the total Indian rice crop It is proposed to set up an 
advisory and research organisation similar to that adopted for cotton 
in Madras ; a paddy specialist is to be pieced at the Central Itieo 
Bcscarch Station, udth competent assistants in each of the four main 
rice tracts : North Bihar, South Bihar, Chota Nagpur and Orissa. 

Meanwhile a comprehensive programme of research has been 
drawn up. 

Sabour Paddy investigations. 

Grant : Bs. 2,02,140 spread over 5 years. 

Bice Specialist : Mr. M. M. Alam. 

The Bice Besearch Scheme consists of four parts ; — 

(1) Studies of tlie agricultural and botanical characteristics of 
the 5,000 pure lines of rice now gro%vn here with a view to multipli- 
cation of promising varieties. 

For purposes of classification Hector’s criterion the weight per 
unit length, i.e-, the weight of 1,000 grains divided by the average 
length of the grain, is used. It is considered to afford a valuable 
index of the quality and fineness of tlie grain. 

(2) Sdection to suit the four different conditions of cultivation 
in Bihar : — 

(a) the one crop area ; 

(b) the irrigated area around Sabour ; 

(c) the terraced hill area around Chotanagpur ; 

(d) the rainy area of northern Bihar. 

Later on it is hoped to start breeding of new varieties. 

^ (3) Cultivation cxpeiiments ; manurial and general agricultural 
trials on questions sueh as spacings, number of seedling per hole, age 
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of seedling at transplanting, etc. The varieties studied include the 
Aus (autumn), “ Aman " (-vrinter), Dalna (summer). 

(4) Certain physiological experiments. The water require- 
ments of rice is about 400 (^) on the unmanured plots, but is reduced 
Ly fertilizers or farmyard manure. It reaches a maximum at the 
flowering period. 

As -with sugarcane shortening the day by cutting off some of the 
houhs of suuligbt expedites flowering even of the so-called time fixed 
vai-icties ; even a small reduction, e.g., of 2 hours per day, has a con- 
siderable effect. Mr. Alam proposes to use this device for breeding 
new varieties. On tlie other hand, lengthening the day by artificial 
light causes only a small dclas^ in flowering. 

Dr. hlirchandaui discussed the chcmieal investigations with me : 
it coD.sists of two parts : a detailed study of the effect of cultivation and 
fertilizers pn yield ; and investigations on the composition of rice. 
The fertilizer and cultivation problems should I consider be studied 
seriously and adequately. Work on composition should be under- 
talcen only if needed to round off some larger investigation on the 
value of rice in human nutrition. 

Mineral composition of pasture plants. 

Grant : Es. 25,470 spread over 5 years. 

This is part of a general scheme for the study of pasture plants. 
The samples are supplied by forest offieors who, however, do not send 
samples of soil as well. This, however, should be done in future, now 
that the preliminary analyses have been made. The mineral compo- 
sition of herbage is rdated to the soil conditions, and it is more useful 
to discover the general nature of this relationship than to a mass data 
in regard to casual samples of herbage. Sample.s taken from Gov- 
ernment farms can of course be studied more completely, because 
something is already known of the soil. 

The Fruit Research Scheme. 

The fruit research scheme at Sabour serves not only Bihar hut 
the United Provinces also, a commendable and economical arrange- 
ment. It is concerned largely wdth the three fruits most important 
in the plains : mangoes, leitcliis and papayas. The staff includes 
Dr. P. K. Sen, who at the time of my visit was still at East Mailing 
completing a period of two years study ; A&. E-. Zarbaklit Khan in 
Succession to Mr, K. C. Naflc ; with SEss Eajul Shah as Assistant. 

Mangoes . — ^Some 50 varieties of mangoes have been planted from 
different parts of India and methods of propagation are being studied. 
Inarching is the old metliod, and the one Mmost universally prac- 
tised, but it is costly. The usual method is to use one year old 
seedlings ; a modification has, however, been devised that can be 
carried out with seedlings only 2 — 4 months old. So long as the stocks 
are seedlings, however, the resulting trees are bound to be valuable no 
matter how the grafting is done. Hitherto propagation by cutting, 

(1) l,e., 400 parts of vatcr are transpired per unit of dry matter formed. 
The relationship is not c.iusnl, so that tho figure has no absolute value. 

H30IOAE K 
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layering and budding have failed but it is desirable to persevere ^itb 
vegetative reproduction of stocks whicli would at any rate give uni- 
form trees. Qrou-tb promoting substances sucb as indolyl acetic 
acid are now obtainable which cause cuttings to send out rootlets ; 
the effect of some of these might be examined. 

A considerable amount of work on cultivation is proposed 
including a comparison of clean culture with grass culture. I^Iangoes 
appear to show some periodicity in bearing, giving alternately larger 
and smaller yields in successive seasons. Various methods will be 
tried for dealing with tliis property, including smudging, i.e., lighting 
a smouldering fire under each tree — a device which in the Phillippine 
Islands is stated to force the dormant buds into breaking. 

Papayas- — ^Papaya trees are extremely variable and it is difficult 
to make I'eliable field trials with them. It is proposed to repeat 
Dr. Ilofmeyer’s experiments on the continued intcrcrobsing of plants 
raised from seed of the same tree, so as to see if some steady condi- 
tion can be attained. As at Poona, attempts are made to find some 
correlation between the external cliaractcrs and the sex of the youug 
plant. 


Other crops. 

A considerable amount of work on other crops is being done at 
Sabour. 

Sunn hemp. — ^Hitherto mass selection has been adopted in 
attempting to improve sunn hemp. Mr. T. C. N. Singh is working 
on single line methods fertilizing the plants by means of bees washed 
in formalin so as to kill any foreign pollen. [See p. 185 (Poona)]. 

Barley. — Samples of barley selected by Mr. Singh have been sub- 
mitted to the Institute of Brewing for report. 

Tithe wells. — Some interesting work is being done here on this 
subject by the Agricultural Engineer, Mr. n. W. Stewart. 

Improved implements. 

I heard good accounts of the .successful demonstration work done 
by Mr. A. P. Cliff who took improved implements round in a bullock 
cart among the cultivators and would on the spot arrange a demons- 
tration unyoking the bullocks from the cart for the purpose. 

Patna Farm. 

Economics of irrigation from Uibe wells . — ^A considerable area 
in Bihar is successfully irrigated from tube wells, and it would be 
possible to irrigate further areas if this ^lould prove economical. 
An application has been put in for a grant of Es 78,680 q)read over 
a period of 5 years, for investigations on the costs of the water at 
pumphead and the costs of its distribution, the best ways of sliliaing 
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it and the measuxenicnt of the losses. The subject is important and 
the application should be favo^u•ably considered in relation to the 
irrigation investigations as a whole, • 

OBISSA. 

Oattack Bice Beseaich Btation. 

(Visited March 10th, 1937.) 

The cliicf work here is the collection of strains and selection 
from the.se of desirable varieties. Three lands of rice ore important 
in this region : — 

(1) Daljua or summer rice — a bore variety ; 

(2) an Aus variety, Bcali ; 

(3) an Amau variety, Saradh ; 

these being respectively carls*, mid — and late season. Several 
dllTcrent varieties are needed to satisfy the different types of physical 
and economic conditions. A considerable area in this part of Oris.ua 
lies low and is flooded during the monsoon. The paddy must tole- 
rate submergence for about 15 days and the roots and stems must be 
strong enough to Avitlistand the current of water. The flood water 
subsidies by the end of October, but the depressions remain full of 
water. As this evaporates or soaks away, boro rice is planted. But 
the supply of seed is never plentiful, and it becomes wholly insuffi- 
cient in years of heavy flood when "ttie area under boro greatly 
increases. An attempt therefore is made to And earlier Aus and 
Aman varieties so that in an emergency they could be used to sup- 
plement the boro. Near the coast, however, is n belt liable in the 
summertime to inundation from the sea, consequently rices planted 
here must tolerate salinity. 

Another problem arises from the circumstance that the food 
supply of the poor cultivators tends to be exhausted by July, owing 
to the smallness of their holding!?. The earliest rice, sown in Decem- 
ber and harvested in April or May, is all used up and the Aus, whicli 
is broadcasted in May or June at the break of the monsoon, is not 
ready imtil September. Search is being made for a variety wbich 
could be sown about the end of May and harve.sted about the end of 
August. 

In addition to the solcelion work there arc also mamirlal trials, 
which, however, arc not ucll dc.signcd and .should he replaced by a 
better series, 

Bavenshaw Oollege. Investigations on Watcr-hyacintli (Eichonnia 

crossipcs). 

These investigations are now completed : they wore in charge of 
Professor P. Parija and n grant of Rs. 4,040 has been made. Pro- 
fessor Parija showed that this plant propagates from seed ; he 
studied its method of growth and floating up ; and explained why 

ir2 
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it reappears in taniis which have been cleared. Further, he demons- 
trated that there are critical periods in the year when a single re- 
clearonce o£ a tank prevenl^i the weed coming back. 

Water hyacinth, and the cqaall3' harmful lantana, arc both 
foreign plants, introduced by well meaning and enthusiabtic 
gardeners, and have now become serious scourges. They rank with 
cactus in Australia and gorse in Kew Zealand as standing warnings 
against the introduction of new plants into the country excepting 
after most searching test in some completed isolated area. 

Cocoanut Plantation, Puri 

A cocoanut plantation has been set up on the light sand-belt 
running along the sea coast ; other fruits are being grown also. The 
results seem quite promising and suggest the possibility of putting 
to good use much land now lying waste. 




Reclaiming the sand. 
(PURI— ORISSA.) 
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CENTRAL PROVINCES. 

The sown area o£ the Central Provinces is fairly evenly divided 
between riee, juar, cotton, wheat and linseed added togetiier, and all 
other crops ; the total sown area is about 25 million acres and each 
of these crops or groups adds up to about 4 or 5 million acres. The 
distinctive features are the large area under linseed, the high pro- 
portion luidcr cotton in Berar, the inereasing area under ground nuts 
in rotation with cotton, and the small areas of bajra and sugar cane. 

Nagpur Agricultural College. 

(Visited January 7th and 8th, 1937.) 

In several of the Departments work is going on which bears 
closely on the schemes fostci-cd b 3 ' the Council, 

Glicmistry Department . — ^The work is in charge of Professor 
A. J. Bal. He proposes to complete the survey of the rice soils of 
the region -whidi was begun by Dr. Mulcherji, of wliieh about two- 
thirds is already done. lie is also mnlring analyses of vegetables i 
in this I suggest that the co-operation of Dr. Aylaoyd be secured. 

Dr. Bal has repeated Dr. Dhar’s experiments on photo nitrifi- 
cation, but is unable to confirm his results. 

The laboratories are sufficiently eguippod and the work is on 
sound lines. 

The Botanical Department . — -Professor IC. P, Shrivastava. 

Experiments are in progress on the improvement of wheat, gram 
and other crops. Bust resistant varieties of wheat are sought for 
the northern parts of the Central Provinces and early ripening 
Toricties for the plains of the souUi. The work appears to be weU 
done. 

Hycological Department. — ■'Mr. J. B. Dnstur is studying root 
discosics of rice and wheal, various vvilts, etc. 

Some interesting cotton experiments are carried out by 
Mr, D. N. Slehta, Economic Botanist for cotton and connected crops, 
and some good marketing investigations by B. H. Hill ; these, how- 
ever, lie outside the province of this report. 

Oil Seeds. 

A scheme for Research on Oil Seeds in the Central Pro3inccs has 
been sanctioned, the grant being Rs. 52,280 to be .spread over 5 years. 
The work had not been begun at the time of my visit. 

It will be confined to four croi)s : linseed, sesame or til, safllowcr, 
and niger (Bamtil). Of these linseed is the most imi)orUint in the 
Central Provinces, occupying an area of nearly 1 million acrp.s, tliis 
being much larger than in any other province : indeed the total pro- 
duction Iiere is about one half that of all India. The yields, however. 
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aro low ; only about 235 lb. per acre wMlc in tho United Provinces 
and in Bibor and Orissa they arc more like 500 lb, per acre. Oil seed 
schemes are in hand in other Provinces : tho distinguishing feature of 
this one is that the experimental crops will be grown in black sods 
which are said to produce about a quarter of the whole Indian crop, 
and a valued trade type, while in other schemes the soils are different : 
for the past 30 years, for instance, experiments have been made on 
the Indo-Gangctic Plain. 

Sesame comes next in importance with about 338,000 acres : 
the Central Provinces being the second largest grower ; the largest 
is Madras. 

As at the other centres, the work will consist in the search for 
varieties giving higher yield and bettor quality of oil. Linseed 
varieties will be sought resistant to rust. 

Sunn Hemp. 

A Sunn hemp Scheme has also been sanctioned, the grant being 
Es, 10,600 to run over 5 years : this work is not started. The pro 
gramme will be in general similar to that in ^Indras, Bombay, Bihar 
and Orissa. 

In view of the good laboratory accommodation available at 
Nagpur, and the standard of the scientifio work done there, one may 
expect useful results from all these schemes 

Fruit — Oranges (Santra or loose sldnned type). 

A grant of Its. 71,160 spread over five years w-ns made in Juno 
1936 for investigations into tlie cnitivation of the Nagpur “ Snntra ” 
loose skinned oranges. Tliese are now Iniown nil over India and 
budded plants arc in considerable demand ; but no guaranteed 
supply is available. It is proposed to study root stocks and their 
effect On the jneld and quality of fruit, the vegetative reproduction 
of the trees, the iiTigation, manuring, pruning, and general manage- 
ment. The work certainly needs doing, and Nagpur is a suitable 
place. 


Gangai pest Scheme. 

rniomological Department, — ^Eai Sahib Q. E Butt, the Govern- 
ment Entomologist, is investigating the Gangai pest ofriec, caused 
by Pachvdiplosis oryzac, n small insect that gets into the shoot and 
oats part of it .*-0 that no ear fonns. Considerable damage is done 
in some circumstances. The programme of investigation includes 
tlic search for alternate ho'its among the grasses growing near tho 
paddy fields with the purpose of finding how the insect survives from 
one season to another ; particular watch will be kept on wild grasses 
and Hodon (,Paspahiin scrohiculatnm) which suffers in n similar way, 
presumably from the same pest. 

The incidence of tlie attack on plots sown earlier tlian usual, 
the effect of fertilizers, and the natural enemies and parasites will 
also be studied. 
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The grant sanctioned is Es. 5,924 to be spread over a period of 
two years. 

The field work is to he done at Eaipur. The work seems to be 
well begun and ilr. Duit shows mneh ingenuity in overcoming the 
practical difficulties. 


Baipur Bice Station. 

(Visited January 9th, 1937.) 

Grakt : Es. 91,927 for a period of 5 years. 

The work was started in 1932 as part of the co-ordinated sdieme 
of rice investigations carried out at Magina, Coimbatore and other 
centres ; the Ihaipnr programme differs in that more emphasis is laid 
on soil anab'sis .and on fertilizer requirements. Dr, Mukerjee was 
in charge until he was appointed agricultural chemist to the Dnited 
Provinces. 

The Botanist, Mr. B. B. Dave has made a collection of about 700 
types of rice and has classified nearly 400 fixed strains. 

Part of his work consists in finding some way of dealing with 
wild rice, a weed which reduces both yield and value of the crop on 
the light soils where the rice is broadcasted ; the problem docs not 
arise on hea\y soils where it is transplanted. Tliis %vild rice has a 
green stem like the ordinarj' varieties and so is indistinguishable 
from them and cannot be weeded out. Sir. Dave is therefore breed- 
ing a rice with a purple .stem which the cultivator can easily dis- 
tinguish from the -v^d rice. A variety possessing purple auricles 
was crossed with a commercially desirable variety and the offspring 
while retaining these good qualities bad also the i)iu’ple colour. 

]Mr. Dave is a capable Botanist and the work is being well done. 
The fidd work in connection with the Gangai pest is done here. 

Profe.ssor Bal is now in charge of the soil work. Kcference has 
alreadj' been made to the survey of the Rice Soils. In the mannrial 
experiments nitrogenous fertilizer alone, whether organic or in- 
organic, had little effect on jield. but phosphate fertilizer gave a 
substantial increase. 

Another problem being .studied is the possibility of converting 
rice husk into useful compost. Much hulling of rice is done in the 
local mills and considerable quantities of husks arc "available. They 
rot extremely slowly in ordinary circuin.stances, however, and 
Dr. Bal is studying methods of hastening tlie decomposition. 

INDOBE. 

Indore InstUufe of Plant Industry. 

(Visited January 12tb and 13tb. 1937.) 

The Institute of Plant Industry at Indore wa.s set up in 1924 
through the .ioint action of a number of bodies winch united to form 
a society incorporated 'under the rules of the Ilolkar State. The 
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principal supporters are the Indian Central Cotton Committee^ who 
paid for the buildings, land and equipment and who contribute 
Sbeially to the maintenance ; in addition some 27 States make annual 
grants. 

The first idea had been to provide a farm for the Agricultural 
Adviser to the States in Central India, Mr. Bernard Coventry, but 
the scope was soon widened, and the main work now is fundamental 
research on the breeding and cultivation of cotton, though other 
crops arc also studied. 

The first Director was Mr. (now Sir) A. Howard, who with his 
late wife wore lent by the Government of India to the Institute in 
19^. The general principle underlying the Howards’ administra- 
tion was that there should be no fragmentation of scientific work 
into departments, but that the staff should take the crop as their 
unit, studying it in relation to the field and the village. During this 
period the land was brought into good condition, erosion was stopped, 
the pernicious weed Kans was brought under control, and provision 
was made for supplies of organic manure. 

In 1931 Mr. Keith Jackson succeeded as Director and arranged 
for studies of the soils in relation to crop varieties ; he was followed 
in 1936 by tlie present Director, Mr. T. R. Low. 

The work on cotton and food crops. 

The main work, as already stated, in on cotton and at the time 
of my visit this was in the liands of Mr. C. M, Hutchinson who has 
since left for the W'est Indies. It was among the best work I saw in 
India, hlr. Hutchinson has not only suneyed.tho existing varieties 
and bred new sorts from them, but he has studied in great detail 
the principles on whidi selection should be done Usually selection 
is mainly empirical : these investigations are opening the 
way to a more definite basis. Work of this quality is rare and it 
is a great misfortune that it has been terminated. 

He is succeeded by Mr Hamiah, paddy specialist from Coimba- 
tore, who has a good record of useful work. 

There is also some useful selection work on juar. klr. Hutchin- 
son has adopted a “compartment” method of mass selection which 
seems promising. 

The Chemical Section, 

This is under Mr. Y. D. Wad and is concerned with the study 
of the effect of environmental conditions on the growth of iho cotton 
crop he is also continuing the work on composts begun by the 
Howards. His programme is very extensive and I recommend that 
it should be much compacted and restricted to two items: — 

(1) The influence of cultivation and manuring on the moisture 
and nitrate content of the soil and on the growth and character of 
the cotton plant. 

(2) The manurial value of compost in comparison with catQe 
manure, green manure and sulphate of nimnnTiin 
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The work on Composts. 

The besfc-lmowii work of the Howards’ at Indore was that on 
Uie making of compost from wasiie vegetable matter. Ilis successor, 
F. Keith Jaclcson, gave a new turn to tlie subject by showing how 
to bring in habitation Aiaste.s and human excreta and in consequence 
made it of sanitary as well as agricultural importance, (^) This 
two-fold value is now widely recognised; tlic Provincial Depart- 
ments have become definitely compost-minded; and in everj' village 
I visited, where rural uplift has begun, 1 was proudly shown as its 
first fniits the trenches dug to receive the wastes and ordure that 
otherwise lie about in the village street, a mcnoec to health and com- 
fort, Even if the compost had only small fertilizer value, great 
efforts to bring it into use would still be worth while for the sake of 
keeping the village clean. 

The malting of compost appeared in the programme of most of 
the experimental farms I visited. A Aariety of methods arc heing 
tried, the Indore methods, especially the later one. Dr. Fowler’s, 
Professor Subramnnayan’s at Bangalore, and several others. 

Certain general resuits arc well eslahlished. In making com- 
post the initial difficnlly is the loss of moisture from the heap, which 
if not corrected would .soon bring the whole process to a standstill. 
This is overcome by adding soil which retains .sufficient moisture for 
<ompIetion of the process: for convenience urine earth from imder 
the cattle is used. 

There must also be some relation between the soft and hard 
woody material in the heap; more soft leafy vegetation must be 
added if mueli hard material is present. 

Composting affords a sati.'-factory way of disposing of house- 
hold Avastes and excrements. It is, hoAVCA'cr, not necessary to use 
either these or fannynrd manure; the young leafy material provides 
sufficient carbonaceous and nitrogenous matter to promote satisfac- 
tory decomposition. 

Adequate supplic.s of air and water are necessary. 

The nitrogen in the compost at the end of the procew may be 
as-mticli-as 1 per cent, in farm compost and 1.5 per cent in liabita- 
tion Avastes. Much nitrogen is lost during the process especially from 
habitation wastes, and no way of asmiding this ha.s been discoA'cred. 

The field experiments Avith compost are few and inadequate. 
It is oA'erywhero assumed that compost is useful but few of the 
officers could point to any cA'idcnce, Recent Indore e:^erimcnts 
suggest tbal it acts Avell on irrigated land but is less clTective on the 
miirrigaied black cotton soil unless it can be w'orked into the sub- 
soil, Proper tests should be made so that the ^ricultural officers 
may JmoAv under Avliat conditions oompast gives its l)e.st results. 

In any case the culth’ators should be encouraged if only on purely 
sanitarj'' grounds to make compost of their wastes and village sweep- 
ings and to put it on the laud. 

(I) Seo Bull. 1, 1934, Jniit. of riant Induatiy, Indore £P. Kcitli JaekBoo 
and T. D. Wad). 
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BOMBAY BBESrOENOY. 

Bombay is the second largest of the Provinces, its total area 
being nearly 79 million acres, but nearly 20 million acres are classed 
as “ not available for cultivation ” this being a larger proportion 
than in any except the North "West Frontier Province. Of the net area 
sown (32.8 million acres) just over 5 million acres are_ irrigated, 
mostly by Government canals. The cropping is charaeterised by the 
large proportion of juar or Oholam as it is here called, and of bajti, 
but there are also moderately large areas of wheat, rice, oil seeds, 
and fodder crops (2 6 million acres). Cotton is the most important 
cash crop, sugar cane being but little grown. 

The <aty of Bombay is well provided with scientific institutes 
and while there I had the opportunity of visiting both the Royal 
Institute of Science and the Cotton Research laboratories at Matunga 
where some admirable work is being done (page 7). One of the 
Council’s schemes was located at the former institution: the work 
is complete but as I had the opportunity of discussing it with the 
author I shall here describe it. 

Rice Physiology. 

Hr. Ji. H. Da^hir. 

Dr. Dastur’s physiological studies of rice began in 1927 in the 
Botanical Department of the Royal Institute of Science, Bombay, 
and went on for several years. The work consisted in the study of 
osmotic and suction pressures of ll»c roots and leaves of the rice 
seedlings at different stages of grouth and their relation to the con- 
centration of salt solutions in whidi they are immersed. There vras 
evidence that ammonium ions were absorbed in preference to the 
nitrate ions in the early stages of growth but not at the later stages, 
and it was suggested tliat the mixture of ammoniacnl and nitrate 
nitrogen might he a better soiuce of nitrogen to the plant in the 
field than either taken separately. Field experiments, however, 
have shown that tliis Ls not so: tliis is of course no reflection on the 
work; it is well known that soil and the climatic conditions play an 
important part m determining the relations between the ]flant 
nutrient and plant growth. The value of the work lies 
in the help it gives to students and teachers, and I suggest that a 
connected account of the physiology of the riee plant should be pre- 
pared. if possible bj- Dr. Dnslur himself, so that they may he able to 
make use of it for teaching purposes. 

The Poona investigations. 

(Visited December 5th — 9th, 1936 ) 

The most important centre of agricultural research in the Presi- 
dency is Poona, where the Agricultural College, the Meteorological 
Office and the Gaiicsh Kliind fruit farm are niaced. Out in the Pro- 
vince, however, there are some wdl equipped and well staffed experi- 
mental farms 
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The CouuGil'fl schemeg at Poona are concerned vritli plant 
■dieeaties, fruit and agricultural meteorology. 

The Poona Agriotiltural College. 

This College -Tvaa founded hi 1909 and has become one of the 
most important in India both as a teaching and as a research 
centre. 

Several of the Council's sdiemes are directly or indirectly asso- 
ciated -with it. 


Plant disease and pests. 

Virus disease of plants. 

(Visited December 5th — 9tli, 1936.) 

Gii/iNT: Es. 80,474 spread over 5 years. 

The work is in charge of Professor B. A. Uppal, (Plant Patho- 
logy Section) and has only recently started. 

As a iDrchminarj’' step Dr. Uppal was sent on deputation to the 
more important plant pathology laboratories in England and 
America, to studj" the methods in use and the results obtained there. 
Six months wei*e spent at Bothamsted where he favourably im- 
pressed the staff by hLs ability, and the remainder of the time was 
spent in seeing the best of the work done in other laboratoi-ies in 
England and America. lie begins his work, therefore, well informed 
a.s to wliat has been done elsewhere, and he is to bo provided with 
a suitable staff and satisfactory appliances including a good glass- 
house. lie will make a general survey of virus diseases in India, 
giving particular attention to those of cliiilics, cardamoms and Bhendi 
(Hibiscus esculentus). Ilis programme seems to be quite sound and 
promising. 

BcsidG.s tliis work for the Imperial Council of Agricultural 
Besenrch Dr. Uppal ha-s a number of other schemcf, in hand, includ- 
ing work on cotton wilt for the Indian Central Cotton Committee; 
on linseed for the Sassoon David fund ; some 10 or 12 departmental 
problems; in addition to College lectures and advisory work wliich 
taltes him away lor many days during the year.' It is of course im- 
possible for one man ndeqitaiely to take eharge of so many things, 
and the Council and College aulhoxities should consider whether he 
could not be rcjicved of all but one or two items of his heavy pro- 
gramme so that he caix do ju.stice both to the work and himself. 

The Parasite '* Striga ” of the Juar crop. 

' Grant : Es. 27,060 spread over 5 years. 

The work is only just beginning and Professor D. S. S. Kumar 
is in charge. 

The parasitic plant “Striga” causes considerable lass in certain 
districts to growers of Juar ; it is a flowering plant producing a large 
number of nunutc seeds and onee establi-shcd its eradication seems 
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to be almost unpo'&ibiP, Fortunately f,oiuc varieties of juar arc less- 
susceptible than oUieis and it is proposed to select these and, if 
ncccssarj', bietd from them so as to obtain a resistant variety pos- 
sessing ai'-o other desirable charactexs. The Programme of work 
includes studies ol the efTects of cultivation and rotation. The work 
should be done on laud known to be infested, as it is ahvays difllcult 
to ensure the maintenance of natural conditions on artificia.ly infest- 
ed land. Various ph3'biologicttl. histological and cytological 
studies are also proposed but these should be strictly sTibordinatcd 
to the more priactical experiments: parasitism a.s a scientific study 
is much more appropriate to a University than to an experimental 
station. 

A similar, but not identical, pest affeels millets in South Africa 
and hiLs been successfully dealt with by finding rc.sistant 
varieties There is, therefore, hope lliat the problem can be solved 
hero also. 

Various other ins'cstigations at the Agricnllural College are 
closely allied to some of tlio Council’s .schemes. 

AgricuUtiraUEconomtes Section. — Itr. V, T Qadgil. 

Costs of production of individual crop.s arc studied in selected 
villages in the Poona — Slioinpur and Nasik districts. Studies have 
also been made of the eeonomj' of the farm as a whole. Some of the 
rcsull.s have already been published ns bulletins of the Department 
of Agriculture. A considerable amount of trouble is taken to obtain 
the neecssai'y basic figures and the work .seemed to be well done. 

Entomology Section. — Mr. Jhavori. 

The bionomics of various insects arc studied, including Chillie 
Thrips (Scirtothrips donalis) and a beetle-vine bug {Disphinctm 
tneasnrum) work is also done on the control of cabbage aphis. 

Plant Pathology Section. — ^Dr. B. A. XJppal. 

Numerous investigations have been mado here, including the 
well-known work of Dr. Burns and Patwardlmn which led to the 
control of downy mildew in grapes bj' spraying with Bordeaux mix- 
ture. Another mildew, the powdery mildew of grapes, cannot jmt 
be controlled, it is noxv being studied. 

Chemistry Section. — ^Rao Bahadur D. L. Snhasrabnddhc (now 

retired). 

The work of tliis section h.ns included studies of nitrogen clmngcs 
in rice soils: some fixation is stated to ocenr. 

The intake of plant mntrients by wheat and snnn hemp, and 
the clmngcs during the ripening and -storage of fruits and the com- 
position of the proteins of ccre.-jls and legumes, have also been 
studied. 

AgricnltvraUBnginccring Sections. 

Experiments are made on the threshing and winnowing of gram, 
on the improvement of cultivating implements, and of the bnllocfc 
cart, especially the fitting of hall bearings, which is within tlie means 
of the cultivator, while rubber tyres in general arc not. 



181 


Some iufereifing toil croMon observation studies arc made here 
•and also lu certain areas liable to erosion. 

The Qaneshkhind Fruit Espcrimontal Farm. 

Cou> SronAtic Bi^jUAucii ScunMC. 

Tliis work began in March 1934 and is carried out at the 
Gancshldihul FiUJt J3xpoiinicntal Farm, Poona, in charge ol 
Dr. G. S. tJhcciua, with Dr. D. V. KarmarJenr and Mr. B. JI. Joshi 
a.s assistants. The giant is Ks, J7,93u aimually lor 3 years with 
Ks. 36,375 uon-rceurriiig, making a total of Ka. 90,154. 

There appears to be a inaibed increase in consumption of fruit 
in India, and in coii'^ociUcMcc in the Deccan, ns in most other parU 
of India that I visited, there is considerable interest in fruit grow- 
iiig. An increase in fruit production in India would in many ways 
he a n)o.st desirable development ; it can come about, however, only 
if adccjuatc trans])orl and storage facilities arc available and tliis in 
turn necco-sitalcs the development of refrigeration. 

Investigations on cold storage of fruit arc therefore essential 
to further extension of fruit growing. They arc carried out hero 
with a]>ples, mangoes and other fruits of economic im])ortanec, and 
they arc extended also to include seed potatoes, the storage of which 
during liot weather presents ninny dinieul(ic.s in ordinary practice. 

The apples were keeping satisfactorily j those sliown to me 
were unsuitablo for c.\port. because of their had colour : some were a 
dirty red, others dark green but with many spot.s on them ; they were 
mucli less attractive than the pleasing looking applc.s of the Quetta 
jegion. Tliis, liowcver. appeared to be more a question of variety 
than of storage, and in any case it was said to cau.so no difllculty in 
ju-acticc, .since the local market raised no objection to tbe colour. 

Considerable work is being done on the storage of the mango, 
and it is elaiinod tliat shipments to EnglnnJ are now possible, but 
inticli W'ork rciimins to be done both in India and in England before 
an c.xport trade can be started. In the meantime the area under 
mangoes appeal's to he e-xtending in the presidency, prasmuahly in the 
hope of an increasing export trade. Even if this failed to eventuate, 
however, an increased coiusiimption in the Indian cities would still he 
dc.sirnblc. 

Suitable coiulitioiis arc being studied for the storage of seed 
potatoes ; at present it appcnr.s that 40*P is a suitable temperature. 

Other inve.stigafious not coming under the Council include crown 
grafting of mangoes, studies of two abundant and popular fruits, 
guava and ziziplins, and of several higher grade fruits ; grape 
fruit, figs, pomegranate : also of cashew nuts and vegetables includ- 
ing the very popular brinjals ami chillies. 

In view of the interest being taken in fniit growing and the 
difficulty of ensuring that sloclrs and varieties supplied shall be true 
to name, it is proposed to c-sfabluh n register of nurserymen whose 
stocks have been properly examined ami can be vouched for by the 
Department, 



182 . 


The Station is -well equipped for its Tork and suitable for fruit 
and vegetable growing. 

The College also has a Department of hlycology and EntomologT- 
and a Horticultural laboratory where among other things fruit 
preservation is studied. 

In view of the importance of increasing the supplies of fruit 
and vegetables to the towns I consider that the work on cold storage 
should be continued, and that the possibilitT of expansion on tho 
production side shoiild be considered. 

Improvement of Papaya Breeding. 

Grant ; Hs. 6,000 spread over 3 years. 

The work is to be done by Professor L. S. S. Kumar and Dr. G. S. 
Gheema. The original scheme included experiments on cultivation, 
and manuring ; attempts to distinguish the male and female trees 
at an early age ; studies of the occurrence and inheritance of sex ; 
and the cytology of the sex forms in the Payapa. The Board limited 
the investigations to this last problem. 

There would be considerable advantages in being able to detect 
female trees at an early age so as to ensure that adequate numbers 
were planted, and only the necessary minimum of males. Drs. 
Kumar and Cheema are well equipped for finding some solution of 
the problem, if on present Imowledge this is possible. 

Vitamin Content of Mangoes. (Completed Scheme.) 

This was supplementary to the scheme for experimental ship- 
ments of mangoes from Bombay to London. Analyses made by Miss 
Edith 0. V. Perry and Dr. S. S. Zilva showed that mangoes were 
rich in vitamin 0, contained moderate quantities of vitamin A, but 
no significant amount of vitamin D. If the export trade in mangoes 
ever reached important dimensions, this information might have 
value for propaganda ; in the meantime it is useful for the Indian 
medical authorities. . 

Agricultural Meteorology : Meteorological Office, Poona. 

These investigations were begun in 1932 in charge of Dr. L. A. 
Bamdas, the Agricultural Meteorologist, and K. J. Kalamkar, Statis- 
tician. 

Tlie annual grant is Es. 20,470 : the non-recurring grant is 
Ite. 5,600 and the total sum allotted is Ks. 1,07,950. The work is 
divided into two sections : exeprimental and statistical j the experi- 
mental part being done on the College farm where an Agricultural 
Meteorological observatory has been set up, while the statistical part 
is done at the office. 

The general purpose is to work out two balance sheets : 

(1) a thermal balance sheet showing what becomes of the 

radiant energy received from the sun ; 

(2) a water balance sheet for the earth’s surface, showing the 

amount received at the surface from the rain and the 
' amounts lost by evaporation, transpiration and perco- 

I laiion. 



183 


The Agricultural Meteorological obaervatop' ia wdl equipped 
for an unsually Avide range of observations dealing "witb the soil, the 
air, the fate of the rain -water, and effect of the growng plant on the 
climatic conditions around it. 

The total radiation from the sun and shy on unit area of a 
horizontal " surface, a fundamental clement in meteorological and 
biological research, is measured -with a solarigraph. Another instru- 
ment has been devised to record the heat lost through convection by 
the soil surface in the daytime. Measurements of (1) the albedo 
(or reflection) cocfflcicnt of different soils, (2) the heat radiated 
from the soil surface, (3) Uie heat returned to the surface hy radia- 
tion from •water vapour in tlie atmosphere, and (4) the heat esehanged 
by conduciion. within the soil itself between the surface and the lower 
layers, provide further information regarding the heat halancc at 
the surface of llic ground. 

Detailed studies of the soil temperntnre at different depths are 
made. As is woll-knotvn, tlic surface of the soil becomes ver 3 ' hot in 
.summer : at the obscrvalorj' it has risen to 75"C in Maj* ; during the 
niglit it is much cooler. A little below the surface the datlj- variation 
of temperature is much le.ss, and at a depth of one foot there is no 
difference between day and night lempcratures : the roots of plants, 
therefore, live at much more uniform daily temperatures than do the 
loaves and stems. The seasonal changes of temperature, however, am 
felt in the soil even to a depth of 6 feet, tl»e greatest depth at which 
observations arc taken, Ihoiigh the differenec between the hot and the 
cold seasons is much less than at surface. The leiupcrature of the 
upper layci’s of the soil, however, depends verj' much on the colour of 
a bare soil and on the covering of a covered soil s a light coloured swl 
being much cooler at the surface than a darker soil. 

Attempts arc being made to devise an apparatus for the mea- 
surement »n fitu of the soil moisture. A porous pot caudle and 
gauge arc used and the results are checked bj* direct detenuinntions. 
These attempts should be eontimied : a tnistworthj' and ea.silj’- '\vorkcd 
method would ho of great assistance in irriealion ntid drj' farming 
investigations. 

Much attention i.s given to the climate within the growing crop 
— ^tho local or microclimate — as compared to the general climat** 
round about it. There is no simple relation betwoDn tlie micro- 
climate within the crop and climate outside, hut there arc certain 
general differences. At the maximum period (afternoon) the 
teinpernttirc within the crop is distinctly lower tlmn the temporature. 
outside, espeeially at the surface of the soil : for the densely growing 
sugar cane the difference tlipre inn.v he ns much as ICC, thongli it is 
much less at 4 ft. above the surface : for the more open crowing 
jowar the differences are of cmin'C leas. The microclimalcs within 
tlie different crops arc closely correlated at minimum temperatures 
but not at Tun-xiinum (emperntures x the difference is attributed to 
turliulenee, 

hfeaKurenients of the variation of air movements with the help 
of^ a fi>’npilive anemometer, both in the open and inside crops, are 
being nrrangefl } when such additional information is obtained it may 



184: 


be found possible to express the climate of the crop more fully in 
terms of the climate of the open. During the day the air is warmest 
just at the surface of the ground and cooler as one rises to 3 or 6 
inches, while the stem of the sugar cane is coolest at the surface of 
the soil, a little warmer at 3 inches and still wanner at 6 inches 
height : but it is always cooler than the air though the difference in 
temperature diminishes rapidly from the surface to tlie 6 inch height. 
At night, on the other hand, ^e stem is warmer than the air, though 
the difference is' not great. 

During calm weather the minimum air temperature is not on 
the surface of the soil but about one foot above, indicating that the 
cooling is not from the soil but from the air itself. 

Evaporation of water, an extremely important factor in Indian 
agriculture, is measured ^rect from a free water surface. A much 
simpler device, however, is said to give sufSciently good results for 
ordinary farm purposes The rainfall here averages about 27 inches 
yearly but the evaporation from a water surface exceeds 100. The 
soil of course loses less than this and fortunately even the water 
evaporated from the soil is not all permanently lost. Part of the 
water' evaporated during the day falls back as dew, a long-known 
source of water" for plants : “ there went up a mist from the earth, 
and watered the whole face of the ground ”. During the very dry 
period, when the surface layer of the soil is so far dessicated as to 
contain only hygroscopic moisture, the soil absorbs from the air during 
the night practically all the moisture it lost during the day, so that the 
net loss is practically nil. 

The subject being new a good deal of attention is necessarily 
devoted to the compai'i&on of various types of instruments to find 
which give the most accurate readings or which are in practice the 
most useful for the purpose. 

A beginning was made some years ago with the issue of frost 
warnings to the grape growers of Nasik, and arrangements have more 
recently been made, as an experimental measure, to issue eold wave 
warnings from the forecasting section at Poona to those provinces in 
India which are liable to the incidence of frost. Experiments on 
prevention of frost damage have been begun at Nasik. 

A provisional scheme for issuing ■warnings of heavy and untimely 
rainfall to the various districts of the Bombay Presidency has also 
been dravm up. 

The section at Poona has heen co-operating with the officers in 
charge of other Research Scheme inaugurated by the Imperial Council 
of Agricultural Research, e.g., the sugar cane, dry farming. Rust and 
Locust research schemes, by ad'\’ising them on the meteorological 
aspects of their work. The section also assists agricultural depari/- 
ments and institutions in India by training agricultural assistants, 
and by advising in regard to meteorological equipment, etc. 

Tlie statistical work is done by Dr. R. J. Kalamkar. He’ Las 
applied the methods of R. A. Fisher for studying tlie yields of wheat 
in the long continued experimrats (29 years) at Cawnpore, and finds 
no evidence of soil deterioration, though other slow changes appear 
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to liavc taken place. Continued higli yiclda were obtained by artificial 
fertilizers witbout the use of organic matter, and the annual variation 
in yidd was least where nitrogen was supplied. The effect of rain- 
fall on the cotton yields at Akola, in the Berar cotton tract (28 years' 
records) was also .studied by Fisher’s methods. The cotton is sown 
earlj' in June ; rainfall appears to have an adverse effect if it comes 
in late May, I’-c., just before sowing : — a beneficial effect if it comes 
soon after June : and an adve'rse effect in July, August, and early 
October : the significance of these effects, liowcver, is not very marked. 
On the other hand liigh maximum tcmpcratui’c in May tends to 
increase the yields (this may explain the rainfall effect) by causing 
the black cotton soil to become more friable. 

Precise records of the development of the wheat crop arc taken 
at periodic intervals, on lines similar to those taken at Bothamsted, 
"Woburn and elsewhere in England. 

The Director, Dr. 0. "W. B. Normand, was absent on leave at the 
time of my visit but 1 was shown over the office by the acting Director, 
Dr. S. K. Banerji. 

Up to the present the cost of the Agricultural Meteorological 
scheme has been defruj’cd cntirclj' by the Council. In the next five 
year period it is proposed that the cost be shared in equal parts by 
the Government, and (hereafter that the Government .should take over 
the whole of the cost. This arrangement seems to be satisfactory s 
the need for investigations in agricultural meteorology is beyond 
question and Poona is the obvious place for the work. It should now 
be on a permanent basis. 

Some problem may always emerge, however, that dcseiwcs fuller 
invcatigation and neees.sitnte.s temporary addifionnl staff. The 
Council could then consider the possibility of making a specific grant. 
The fact that meteorological observations arc being made in associa- 
tion with the growing crop.s givc.s a good opportunity for some interest- 
ing work on plant physiology of whicli the Agricultural Collcgu 
might wish to take advantage, subject to the approval of the Meteoro- 
logical Department. It cannot l)c claimed that immediate results of 
practical hnporlnncc would follow, and any grant which the Imperial 
Council might give would be in the same class as grants to Univer- 
sities, 


Other sohomoB. 

Sunn niaip. 

Grant ; Ks. 6,000 spread over 3 years. 

Tlic work is done in the Bajapnr, Devgad and Chiplun districti^ 
the parts of the Bombay Prasidenor where the best quality sunn 
hemp is grown. The region is hilly, and the soil rocky ; sunn hemp 
is the only cn.sh crop. The purpose of the investigation is to study 
tljo possibility of increasing the present area under the crop ; to 
increase the yield of fibre and to improve its quality. 

H30IOAR 
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Tractor ivUivatiott, Ihtrmah Shell Company. 

lS\pcrimcntj, curried ou from 1930 to 3935 to find out liow far 
tractor enlti\ntion would be possible in India sliowod that it was 
useful for breukinp up now land, erndicnlint; some of the deep 
rooting weeds., uml for other hpccial pniposw, 

Fadegaon Sugar Oauo Investigation. 

(Visited December 8Ui and 9lh, 198C.) 

Grout Rs. 3,80, -102 spread over 5 years. A further grant is mode 
Tiy the Bombay Goveniment bringing the total for the five years to 
Rfi. Ojl-liOSG. 

Bomlmy Presideney is not n great sugar producing province but 
,ihe Padogaon expcriinent.s arc in some rcs-peets, especially on the 
inanurial aide, more complete than most others, the nitrogen gradient 
and the Aiptake of nutrients being especially studied. 

The work began in 1932 and the staff includes the ngrieulturist, 
Rao Sahib B. P. Yagholkar, the crop physiologist, Dr, R. D. Rcgc, and 
the Soil Physicist. Dr. *1. Jv. Basn. 

Like some of the other stations, this wa.s not selected for the 
purpose of agricultural research. The buildings were put up by tlic 
P. W, D. for construclion purpose>,, and when they were no longer 
tiewled they were acquired by the Agricultural Department, along 
with the nccc-ssaiy laud. I>'rom the workers' point of view the Station 
is malarial and somewhat lonely. Padegnou lies on the cast side of 
the VTcstern Ghats, on the Nira river irrigation systems, some 50 
miles south-east of Poona from uhieli it is about 2J hours journey by 
Tail or by ear. It differs in many respects from the stations described 
in the preceding sections — ^Khmal and tlioso in the United Prorinccs. 
Tlio climate is hotter and drier t-o that far more svntcrings are needed — 
some 37 given at 10 day intervals iustend of 3 or d ; and a total 
quantity 93 inches appear to be the optimtim dose of water. The 
cultivator uses oven more water ; up to 130 inchc.s. 

The work differs from that of other Stations in that it conoeu- 
tratos mniuly on the effects of soil conditions and water supply on the 
grosvth of .sugar eauc. 

Although the work on selection is less prominent than the soil 
and iihysiologicnl investigations it goes on steadily. Unlike Shah- 
jahanpur where only medium canes are grown, lliis Station grows 
mainly thick canes for the factory, rather than lliin and medium 
canes that can he crushed in the village mill and used for making 
gnr. At present the best of these is Co. 419 ; it has a low proportion 
of leaf to stem, hcnco itf. wastage is small, and it grows ao rapi^y 
that it speedily passes the stage at which the horcr can attadr it, so 
it escapes serious damage. 

Tn spite of its vigorous growth, however, the cultivators do not 
liko it partly bccansc it is too hard for their mills and parflv because 
it flowers freely and the cattle cannot cat the tips ; while 'the local 
sort, Pundia, is soft, and suits their mills : also Fundla rarely flowers 
so that its head consists of leaves which cattle cat readily. But it 
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gives a lower yield, it is more subject to tbc borers and more susceptible 
to seasonal variations tlian Go. 419. 

Other promising varieties are Go. 360, 413, 417 and 421. Mono 
of the improved varic'tics grown here are flowerless. Apart from 
this character, Ek. 28, a Java .seedling, and llm 320, a Mysore 
“ noble cane arc both 'well suited to the small cultivator : they arc 
soft and they give better yields than Pundia. 

The experiments on the watering of the enne are well-planned 
and carcfullj* done. Pour rates of watering are studied, supplying 
respectively 70, 95, 120 and 130 inches. Till cartliing up time liigher 
waterings hn'to a favourable effect on both varieties, increasing the 
height, the leaf area, and tillering. The root .system on the other 
hand becomes smallor, loss spread out, and weighs less. Plow'criug 
is earlier at the higher dose of water than at the lower, presumably 
because the soil nitinte.'s arc more completely washed out. Finally 
the jncld at harvost i.s loss witli 130 inches of water than with 95'. 

The moisture content of the f-oil in the upper layers is the same 
for all the rates of watering : but the depth lo which the watojr pene- 
trates differs, this agrees with the results obtained in Galitornia. 
There is no evidenee of any upward rise of water by eapillaiy action. 

The effect of water shortage is also studied. The pl.mt AVilts 
and some of the rootlets die, but directly Avnter i.s added new rootlets 
form and rapid grosvth lakes place, especially in April and Ma 3 '. The 
result suggests that if water is shorl if is bust not to apply in scvei'al 
small quantities, but to allow the plant to wilt and then to give a gooil 
supply tis soon ns this is available. 

Atmo.sphericlmmidilj' appears to bo tbe most important climatic 
factor detenuining high j'ield- 

Tlie manujjal results show several peculiarities : a remarkable 
feature is that farmyard manure is ineffective while castor enke, 
ground-nut cnlic and .sulphate of ammonia all act well. Phosphate is 
also needed. The results have been further corroboi'nlcd by bacterio- 
logical fitudic.s iu pots. Molasses do not, as at Shalijahanpur, increase 
the j’icld of sugar cane ; instead thej- decrease it and there is no 
evidence of benefit to subsequent crops. 

Dr. Basil ha.s begun a genetic soil sun'cy in tbe canal zones of 
flic Bombay Doecnn.'IIc has already survej'cd the areas served by 3 
major canals, the Nira, Bight Bank and Godavari Canals, and has 
traced nine distinct types of soil. A considerable area (about a lakh 
of acras) of alkaline soil (" Chopan soil ” containing much exchange- 
able sodium), occurs in this region, and experiments are being made 
to SCO if the alkalinity and the sodium can he sufficiently reduced by 
Irenlment w'itli sulphur or hj' suitable crop rotation to allow the soiks 
to he eultivated. Some indications of sncec.s.s have boon attained, l/nt 
no process is yet economical ; at present certain sequences of crops 
with slight irrigations improve the soil tilth and lower the exchange- 
able sodium. I ' 

In the Roil Ecrlility surveys of the Nira nnd^ Godavari canals 
Dr. Basil found that shallower soils were more fertile and less liable 
to deterioration under cane growing than tho deeper ones- Soil 

oS 
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deterioration under cane growing was associated with carbon-nitrogen 
ratios of 15 or more. 

A vast amount of analytical work has been done to follow the 
uptake of the different mineral constituents and the nitrogen, and 
many crop measurements have been made on the various growth 
phenomena such as tillering, growth rate, measures of leaf area, 
assimilation rates, and rate and type of root growth. These should 
be discussed with a good botanist. 

'<• A useful leguminous wild plant locally called Patada Shevra 
{!&.lysicarpits ielgaumensis) has been found which grows well on the 
fiillows even without water (though of course better with it) pro- 
ducing a great mass of foliage suitable for fodder or green manure. 

Now that the first period is over and the preliminary survey of 
the problems is vrell advanced, I consider that file programme should 
be curtailed so that the attention can be concentrated on the highly 
important problems connected with the water and fertilizer require- 
ments of the cane. Dr. Basu should continue his soil survey pro- 
vided it does not interfere with tlie sugar cane investigations. 

Both Dr. Regc and Dr. Basu have to make large numbers of 
computations for their statistical work and they not only have no 
computer but no machine capable of doing the work ; in consequence 
a great amount of their time is spent in laborious elementary arith- 
metic. I consider they should be given either a computer or a 
machine, preferably both, so that tliey may be relieved of the 
mechanical labour involved in all these calculations. I consider the 
work at the Station very good. 

The close connection between the field work, the soil studies and 
the physiological investigations is admirable, and the fact that the 
workers confine themselves to sugar can enables them to concentrate 
on the one problem. 

THE DRY PAEMINO SCHEMES. 

In Central India four stations are concerned in dry farming 
research : Hagari in Madras, Sbolapur and Bijapur in the Deccan, 
and Eaiohur in Hyderabad : at the two former detailed soil investi- 
gations are in progress and the two latter are more concerned with 
local problems. Hagari has the lightest rainfall but its soil is deeper 
and less sloping than at the other stations ; it also carries a larger 
range of crops, juar, Italian millet and cotton all being important, 
while at the other Stations rabi juar is alone grown. 

A coherent and unified scheme is in operation at all four stations : 
the soil examinations are made by the same methods : the “ Bombay 
dry- ‘farming method ” is to be tested at all four, also the method 
of alternate cropping and fallow : the water requirements of juar, 
are studied at Sholapur and of Pennesetum at Hagari. 

It was made a condition of the grant that the workers should 
visit each other so as to discuss their problems and compare results 
This arrangement should be carried out. 




Bombay dry farming saceessfully practised. 
(See companion photograph.) 












The adjoining lard : diy farming not practised. 
Cnltivation and sowing wrongly done. 
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Bombay scheme— Sholapor. ja 

(Visited December 11th, 1936.) 

r 

The Western Ghats wliich run parallel -with the ■west coast inter- 
cept a good deal o£ the rain of tlie summer monsoon coming from the 
ib'abian sec, and in consequence much of the land m the 'central 
part of the Prebidency has only tlie rain of the ivinter mohsoon 
coming from the Bay of Bengal. Unfortunately this usually lakes 
the form of storms and as much as 4 inches may fall in 2 hours. Tho 
rainfall is therefore very variable and unevenly distributed : at Shola- 
pur it has varied from 14 to 48 inches, all falling between July and 
November: mudi of it in September or October, llabi cropping alone 
is possible, and this is in practice largdy confined to juar. 

This irregularity in tho rainfall constitutes a great problem, 
and soil erosion is anotlier. The topography of the land lends iteelf 
to erosion in t]ic.so severe rainstorms: there arc long undulations 
doum which water can run off, carrying the soil with it. 

Eicperiments were started in October 1933 at Sholapnr and at 
Bijapur to deal with these two problems. The annual grant is 
Es, 37,640 and the non-rceuvring grant Bs. 46,800 making a total of 
Bb, 2,35,000. Dr. Burns was at first in control but that responsibi- 
lity now devolves on his successor, Mr. Jenkins. 1 visited Sholapur 
but unfortunately could not get to Bijapur. 

Tho Cliiof Investigator is Mr, N. V. Kanilkar and there is a 
staff of assistants, of •whom Dr. J. A. Doji is in charge of the soil 
section and Mr. B. B. Qodc of the plant section. Mr. G. M. Bapat 
is Farm Superintendent at Sliolapur. 

Sholapur is about 110 miles duo south cast of Poona on a rolling 
plateau, the altitude of which varies from 1,500 to 2,000 feet. 

Soil Erosion. 

The cultivator’s method of avoiding erosion is to put a large 
bund at the bottom of tho field to hold up the water os it runs away. 
The bund, however, not inCrequcnIly breaks wJicn the flood ■water 
rushes down and in coubequcnce both soil and water are lost. A 
much belter plan is to set up a number of low Ininds at shorlor inter- 
valb, but placed so as to eu.sm’e the maximum effectiveness. 

The experiments at the farm^ consiht mainly in raca.suring the 
amonnt of erosion nnder tliree different treatments ; ordinurj’ culti- 
vation and cropping ; cultivation with a special implement that 
ICiivas little depressions every few inches on the plots ; and unculti- 
vated fallow, i.6., allowing the hind to become covered with weeds, 
The plots are so arranged tlnd the water nmning off is collected 
along with the accompanying silt in a cemented pit where the 
quantities of botli silt and water caii be (lotermined. The imoultivat- 
ed fallow lose.s lea.st silt and water by running oil', and the cropped 
and onllivatcd land loses most. This, of course, is well known; tho 
interest of tho ivorlc lies in the search for some special mode of culti- 
vation ivhich ivil] give roAults similar to tho uncultivated fallow. 
The plots should at mi early date be extended so os to allow more at 
this work to bo done. 
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There are some experiments on bunding, and these should in my 
view be extended, since bunding offers a praetieable method of reduc- 
ing erosion to a minimum and ensuring the maximum retention of 
water. The experiments should be done not only on the experi- 
mental farm but on cultivators’ land, working if posable across some 
depression on doping ground nliere erosion may be serious : they 
would not only give useful information to the Staff but serve also as 
demonstrations to the cultivators. Extended outside experiments of 
this kind are an indispensable preliminary to any large scale attack 
oh the problem of soil erosion. 

-I E:^erimcnts should also be made on the possibility of setti^ 
up, in places liable to erosion, protective strips of land covered with 
some native plant, capable of making good growth and of some value 
as fodder: such for example as Cynodon daetylon. The Forosjry 
Department should be consulted as to the possibility of edoblidiing 
small plantations us protection in places wWe the erosion is likely 
to occur so tliat an undergrowth may have some chance of developing. 

Dry Fanning— Sholapur, 

T'he importance of dry farming investigations lies in the fact 
that nearly one-third of the total area of the Bombay Presidency as 
now constituted is considered very liable to periodic famines and 
scarcities due either to the total failure of rain or to nnsuitable dis- 
tribution. Another large area, also estimated at one-third of the 
total, is liable to famine, though, more rarely. The famine tracts 
include the districts of Ahmetoi^r, Sholapur, Bijapur in the East 
Deccan and the eastern portions of Poona, Satara, Bclgaum and the 
Dharwar Districts ; these contain about 25 per cent, of the total 
population. The other tract le^ liable to famine contains about 38 
per cent, of the total, so that the two together contain about 63 per 
cent, of the entire population of the Presidency. Irrigation only to 
a small e.\tent meets the diificul^, but little of the culthated area in 
these disi riots being supplied with water. 

The loss of rain water by surface run-off is considerable, and 
various methods of cnltiratious are being tried to ascertain their effect 
on tlie retention of water by soil These are made on the two types 
of soil, the light and the heavy: they .nre laid out on n good modern 
plan so that the results can be analysed statistically : determinations 
of soil moisture and of nitrate content arc also made. In addition a 
large scale test is made of the so-called Bombay method of dry farm- 
ing, a combination of proper bounding, i e., small bounds about 9 inches 
high made by the plough for cadi half acre; deep ploughing; three or 
four harrowings after each rain in the early monsoon-, thin sowing 
in wide rows using good seed treated with sulphur to protect against 
smut: and hoeing between the rows whenever the soil cracks. Not 
far fiom Poona I had been shown a good crop of juar produced in 
this way while the surrounding crops groum in the ordinary had al- 
most failed. All these operations are well known to be effective in 
dry conditions but there are almost certain to he many ways in which 
fhe combination could be improved or cheapened and I recommend 
that senons attention should be given to this possibility. These experi- 
ments also, like those on bunding, should not be confined to the 
E:^erimcntal farm hut carried out also on outside holdings so as to 



ensure ii wider variety of conditions ; the effects on soil moisture and 
on crop yield shoiUd be determined. 

T^lio expcrimenls should he extended to include the ' ciTecls of 
sheep folding, which in Ihe prcliramary trials increased the yields. 

In tlic plant section observations are made on the common weeds, 
one of which '‘Stripa’*, is a parasitic plant often doing much damage 
on the j)casant5' land. Tlic present varieties of juar arc all snsceptihle 
to its attack, and jio resistant variety is j'Ot knonm. A scheme dealing' 
with Bfriga has heen started at Poona and at an early date some of 
the field work should be done here. In dry farming eonditions weeds 
are parlieuJnriy harmful and -work on those .should he extended. 

Another useful line of work is the selection of varietic.s of juar 
that are more resistant to drought than those commonly grown now/ 
For the pre->cnt the selection has to he mainly empirical, there being 
no sure criterion of drought resistance, except the actual test. As no 
one can tell nherc a more resistant plant may turn up the work of 
selection should not ho confined, ns at present, to Mohol, but Sir. Gode 
should he cneournped to study any promising plant he happens to 
find in the course of his work. 

Studies of the root sj'stcnis of the diiTcrenl varieties .should bo 
made on the lines adopted at Pndegnon for the sugar cane. 

In addition to the field work there is a pood deal of pot cnlturc 
and analytical work which in my view could !» curtailed when the 
pre-senl experiments are finished and the results prepared for publi- 
cation. This part of the work svitTcrs from the .small scale on wliieh it 
is done due to liniitnfions of staff and equipment : the most hopeful 
direction of further jirogrcss j,s to eoncentrate on the field experiments, 
to e.xiend those to cultivators’ land out.sif1c the fann, niul to carry out 
on the plots c-stimatinns of moisture and nitrate content, studies of 
root development and of weed suppression. Pot experiments and 
analyses may of course he needed to interpret the field results hut they 
should he regarded ns nceessorie.s and not as principal subjects. The 
physiologieal and chemical studies of the plant ean well ho left to 
some Inrpcr Institutions, when* there is a fuller staff and wliofc the 
practical problems are less urpent. 

The Hyderabad (Deccan) Scheme— Baichnr. 

{Visited Docemher 12lh, 1936.) 

This work was hepnn in Dcoemher 1933, the nvernpe annual 
grant bring Ps. 10,631 and the jion-reenrring grant Pa. 6.225 making 
a total for the five years of Rs. 59.3fl0. The technical at alt consist 
of— 

(1) tJie Superintendent, Mr. Sliamcen Znhrie, ’ , 

(2) tile Senior A.ssislnnt, hlr. P. K. Savanur, : 

(3) and the Junior Assistant, Mr, Surynnarnynn Pao, lent 

to the Scheme by Jlgrieidturnl Department. , 

The work was showm to me by the Direoltar of Agriculture, 
Miwim-ud-Din, (he Deputy Director, Mr. H, B. Rajdev and tuc‘ 
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Ohemistj Dr. P. 0. Krishna, who though stationed at Hyderabad, 
keeps touch with the work and makes periodical visits. 

Baichur lies in the south of the Nizam’s dominions, right in the 
centre of the Peninsular, 140 miles due S. E. of Sholapur, but it is 
at a lower level, the altitude of the surrounding coymtry varying 
from 1,000 to 1,500 ft., and it is in basin of the Kistna river as- 
tern. A further dilTerence from Sholapur is that there are two rainy 
seasons, one in June and July from the south west monsoon, the other 
in September and October from the north east monsoon. The toM 
annual fall, however, is not great and as in all semi-arid regions, it 
is variable. In general, however, both rabi and kharif crops can be 
grown, and in consequence the range is fairly wide: juar is the chief 
food crop, but there is some hajra and pulse : cotton and ground nuts 
are also grown as cash crops. 

As usual in the Deccan there are the two types of soil, the blaek 
cotton soil which predominates and in which rabi crops do well and * 
the lighter land (^) on which kharif crops ore grown. 

The field work falls into two divisions: 

^1) Comparison of varieties of Jnar (Bombay strains), millets 
(hladras strains) and cotton, to study their suitability 
to the local conditions. 

(2) Cultivation exiienments to compare the Bombay dry farm- 
ing method with the local metiiods, and to compare 
continuous cropping with alternate croping and ftdlow- 
ing. 

‘ In addition lysimeter readings arc taken to show the proportion 
of rain-water evaporating and percolation; also tlje rnn-off of water 
is recorded: meteorological observations are also made four' times 
during the day between 8 a.m. and 6 r-M. The work on varieties is on the 
usual lines and calls for no comment. As already pointed out, the 
search for improved drought resistant plants must be largely empiri- 
cal and no opportunity should be missed for selecting and further 
examining any pomising plant that' appears on the plots. At pre- 
sent this is no part of the duly of the Staff: in my view they should 
he encouraged to do it: ns in all empirical work there is an element 
of chance, but experienced observers having so much material nnder 
observation might make some new and valuable selection. 

Spacing trials of various kinds are made "with juar. No manurial 
trials, however, are mhde. I considPr this should be done and a 
suitable place would be in connection with the cultivation experi- 
ments: the plots should be split into manured and nnmanured 
halves. In the first instance the manure might be compost, made 
nnder the snpervision of tlie Chemist and analysed by him. 

In 1936 all the field experiments were recast as suggested by the 
Dry Farming Research Co-ordinating Committee, and with the ex- 
ooption of the comparison of tlie loeal with the Bombay diy farming 

(1) Thlg hlaclc soil is henw. but looTC-tertnrcfl wbeu diy and Is then very 
liable to erosion ; it is underlain in the subsoil by nodules of barbar (caltinm 
carbonate). The lighter soil, locally called Obalbo, is red and varies from sand 
to loom : it la estimated to cover about osc-third of the area. 
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mfitho^ all plots are now laid oat on modem lines approved by tbs 
Council’s atatastioian: the validity of the results can now be deter- 
uunecL As at other places, however, the calculationB have all to be 
done by laborious simple arithmetic, there being no calculating 
inacmne available, not even a slide rule except one belonging per- 
sonally to a member of the slaiS: in consequence much time is spent 
that could be better employed. 

The variations in the soil moisture of these plots are followed 
closely, some 10 to 15 soil samples being taken daily for the purpose. 
A considerable mass of data is thus accumulating which should as 
soon as possible be worked up and submitted to the Council’s statis- 
facian for examination and comment. It was soon discovered that 
the plots are by no means uniform, and I saw at Eaichur an unusual 
sight : underlying rock being blasted out so as to increase the area of 
land available for cnltivation. It is possible that these soil irregu- 
larities might necessitate some further modification in the dcsigirof 
the experiments, or even the ahandontnenl of the farm, and this 
question should be settled soon as is practicable. 

I recommend here, ns at Sholapur, that the work should be 
carried beyond the confines of the farm, and that some of the culti- 
vation experiments .should be made by the staff also on cultivators’ 
land to SCO how far the same kind of result is obtained. Both 
experiment ors and cuHivntors would gain. The method adopted in 
the Nizam’s Dominions of givine prants-in-nid to approved culti- 
vators for carTTcinp out specified work would readily allow outside 
c-xperiments to bo done. 


HYDERABAD. 

(Yisited January 4th — 6th, 3937.) 

Caslor Improvement About IJ million acres of Cn.stoT 

arc grown in India of which more than half are in the State of 
Ilyderahnd, 

The method of cultivation in Ilydprnbnd differs in some details 
from that in the neighbouring provinces ; it is here grown by itself 
whereas elsewhere, e.p., in Mysore and Madras, it is usually grow® 
with other crops or even simply as an outside dow. The yields are 
low; for all India the avernpo doe.s not much exceed 300 lb., per acre, 
and in Hyderabad yields are even lower. Other countries, e.g., 
Ceylon, QueeriBland, obtain 1.000 lbs. or more per acre. There seems 
Toom therefore for considernhlo improvement in the crop, and in the 
method of cultivation. 

A collection of varieties, and selection of improved sorbs, was 
started some years ago at Ilimnynlsapar by Mr. Bhide of the Bombar 
Aprienltnral Department, who however lias now retired. In 1935 
the Conneii made a grant of l?s. 61.0, W to he spread over 5 years for 
cohlinuing the worTc, and two nssistqnts have been appointed. Prom 
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a considerable number of varieties and strains a few have lieen select* 
ed ; these are bemg selfed and multiplied. The aim is a variety with 
mostly female main spikes, non-debiscent capsules so that tbe seed is 
not easily lost, and small seed of golden colour. 

Eydcrabad Fniit Selieme , — While many fruit trees can be found 
in various parts of tbe Dominions, there is no important fruit growing 
industry ; indeed fruit is imported from other parts of India, A 
scheme was therefore submitted to the Council and was accepted for 
experiment on Custard apples and grapes, and a grant of Us. 33,1S0 
to be spread oter 5 years was sanctioned in 1936. The work is carried 
on in the fruit gardens adjoining the farm and consists in the first 
instance in the classification of local varieties, the selection of types 
and the propagation of improved varieties, especially suited for com- 
mercial purposes. A considerable quanti^ of material is available, 
as the Custard apple grows wild in this region. 

It is too soon to e^eet results; I can only say that the gardens 
are well kept and a beginning has been made with the work. 

llie Science Congress. ‘ 

While at Ilyderahad, I attended Meetings of the Science Congress 
to hear Professor J. N, Hay’s address on the Chemistry of Anti- 
Malarials and to take part in a discussion on the need for a soil 
survey for India. 


MYSORE STATE. 

Indian Institate of Science, Bangalore. 

(Visited December 15tb, 1936.) 

This Institute is now well known thronghont the scientific world 
as a busy centre of scientific research. The very impressive Physics 
Department is under Sir C. V. Kaman, the organic Chemistry Depart- 
ment is under Professor P. C. Gnha. while the Biochemistry Depart 
ment, where two of the Council’s Schemes are being worked out. is 
under Professor V. Siibramnniam. Among other problems of agii- 
cnltural interest included in the very wide and varied programme 
mar be mentioned the studies of proteins of Indian foodstofifs 
(this does not overlap the work done at the Presidency College, 
Madras), of starches and enzymes, the oxidation of soil organic 
matter and the influence of iron and manganese oxides thereon ; 
while on the technical side, work is proceeding on the production of 
paints and adhesives from non-edible nuts, eradication of lantana, 
and chemical control of spike disease of sandal wood. Although T 
visited the whole institution I shall deal here only with the Conncil’s 
schemes 

(1) Preparation of manure from town refuse and waste 
material. — This scheme started in January 1935 with a grant of 
Es 4,950 to be spread over two years. Mr. A, V. V. Iyengar was 
appointed -to do the work, but after two months be left and was 
succeeded bv J?r. J. G. Shrikhande, who in turn left after 8 months, 
and was followed at the end of December 1935 by Dr. A. N. Acharya, 
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The subjecl'iS importaiit, and the loeallon'of 'tlie sche'me is emicntly 
suitable, as Professor Subramanj'on is iin authority on the nitrogen 
changes involved, and Dr. Gilbe'rt Fowler, one of the leading experts 
on to^vn wastes and sewage, resides at Bangalore and is interested in 
the work. 

The method under investigation consists in composting town 
refuse with waste vegetation adding a nitrogenous “ starter ” — 
sulphate of ammonia, night soil, etc., allowing the heaps to undergo 
an initial aerobic fermentation so as to attain the maximum rise of 
temperature, then compressing them tightly in closed chambers. 
After three months the material was removed and analysed. The 
loss of dry matter was about 10 to 15 per cent., but of nitrogen was 
usually less. 

In further cxpcrlmeuls attempt will be made to simplify the 
procedure. 

Considerable interest is being taken at a number of the agricul- 
tural experiment stations in ibis question of composting and a good 
deal of disconnected and unco-ordinated work is being done. I 
strongly recommend that the results obtained up to the present should 
be brought together b}' some competent impartial person and issued 
os a monograph which conld serve as a basis for discussion and 
further experiment. 

(2) Qvc^ity of rice. — A grant of Bs. 5,400 was made in Doeembor 
1934 for a two year investigation on the quality of rice, the work 
being done for the first six months bj* Dr. V. N. Patwardhan and 
after that by Mr. A. Sreenivasan under the supervision of Professor 
Subratnaniam. The subject was recognised as being too vast to be 
worked out in full and so was narrowed down to two problems : — 

(»■) an investigation into the conditions of storage of paddy 
and of the changes taking place during storage : 

(ii) an invcstignlion into the mcthod.s of par-boiling with a 
view to standardising the conditions so ns to improve 
the quality of the marketable produce. 

Consumers always prefer stored rice to fresh rice, claiming that 
it is either more palatable, or more digestible. Rice is generally 
stored as paddj’, not after par-boiling, and the storage may be either 
in granaries in aerobic conditions, or in underground bcrraetically 
sealed pits where the conditions are more likely to be anaerobic. The 
exi)eriment.s begun on the liypothesis that the clianges during storage 
would be a coutiuuntion of those taking place during maturation. 

Par-boiling is now very widely prae.ti.sed : much of the rice 
grown in India, as well ns that in the otlier rice-producing countries, 
is parboiled before it is milled. The process consists in steeping the 
rice in water for a period varying from 24 to 72 hours, then subject- 
ing it to live steam till the luisk slightly dehisces and subsequently 
drying either mechanically or in the sun. Parboiled rice is considered 
to be superior in various ways to white rice ; it is said (though with- 
out much evidence) to be more digestible, more sustaining, more 
palatable ; to remain for a longer time sweet after cooking, and to bo 
less liable to breakage in the mill. 
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Previous work has suggested that material is absorbed from the 
brisk by the grain during parboiling, so that there is less loss of 
nutritive value on subsequent milling s thus Aytooyd showed that 
highly polished parboiled rice is richer in Vitamin B and in phos- 
phorus than raw rice milled to the same degree. The present work 
confirms and extends this result ; it holds true only for a limited 
degree of milling : beyond a certain stage there is no difference in 
composition between parboiled and white rice. 

If the work is continued it should if possible become a joint 
investigation with Dr. Aykroyd of the Ooonoor laboratories. Some 
tests with pigeons and with rats have already been made and they 
suggest that medical collaboration would be very useful. 

Department of Agriculture, Mysore. — Bangalore laboratories. 

Insecticidal valve of plants vsed as fish poisons. 

This work is not carried out at the Indian Institute of Science 
but at the laboratories of the M 3 'sore Department at Bangalore. The 
grant is Ite. 15,288 to be spread over 2 years and the work began 
in January, 1935. It is under the direction of the Government 
entomologist, Mr. T. V. Subrahmaniam and the senior assistant 
chemist, Dr. B. T. Narayanan, the actual assistants being kfr. K. 
Lakshmi Naraj’-ana Bhatta, Chemist, and Mr. M. Puttarndriah, the 
Entomologist. 

The work consists in making somewhat rough comparisons of 
the effects of a number of fish poison plants especially Tephnosia 
Candida and Mundelia stiberosa on a variefy of insects. Considered 
as a preliminarj’ investigation it serves a useful purpose for dis- 
tinguishing useful from useless plants, and it could be extended to 
ascertain whether the plants lose their toxicity on cultivation : if 
not, there would be the possibilify of growing some of them on the 
commercial scale This tjTJe of work would be useful in view of the 
growing demand for vegetable insecticides. 

The chemical work suffers from the circumstances that it is on 
too small a scale : to carry it beyond its present stage, where it is 
concei'ucd mainlj’ with the preparation of extracts, would require a 
large well equipped organic chemical laboratory with a staff of com- 
petent assistants. I do not recommend this, partly because of the 
expense, partlj’ also because this fiiller work is already being done 
at Eothamsted, in the United States, and elsewhere. If it were 
desired on general grounds that Indian workers should participate 
then the work should be done in one of the existing organic eheminf il 
laboratories such as Professor Kay’s at Lahore or Col. Chopra’s 
at the Calcutta School of Tropical Medicine. This is not to be taken 
as implying any reflection on Dr. Narayanan’s competence to direct 
the work, which I certainly should not wish to call in question, but 
there are so many other urgent problems awaiting study that I can- 
not advise spending time on this. 

The simplest and most effective plan is to concentrate on the 
biological tests, combining' these with a definite but simple chemical 
examination which can be carried out in the existing laboratories. 
The survey of Indian inseoticidal plants is too important a niatler 
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to be dropped, and I suggest that the Chemical Assistant he sent to 
ihe Insecticides laboratory at Eothamsted for six months or more to 
•work out, under Dr. Tattersfield, methods suitable for a survey of 
insecticidal plants, and that ■while there he should learn the 
quantitative biological method of assessing insecticidal value, which 
is at present safer than the chemical methods. 

Field experiments should be made with the cultivation of Derris 
ellipfica and D, mdacemsis to see if they arc superior to the native 
plants and if so whether they can advantageously he grown for use 
in India. 

IHysore, Sugar Cane iirvesti^tions. 

The climatic conditions prevailing in the Mysore plateau are 
well suited to the breeding of sugar cane, and work on this subject 
was started by Dr. V. K. Badami in 1912, though only on a small 
scale. 

Since 1933 it has been aided by a grant from the Council of 
Es. 21,000 spread over five years. 

Dr. Badami sets out on the basis that all the noble canes are 
hybrids, hence he does not cross them ■with wild Saccharums like 
Saccharum spontaneum to introduce ■vigour. Instead he seifs them, 
when they produce seedlings of various kinds ; some being thin or 
reed canes and others thick ; some are rich in sugar and others poor. 
By selfing a few generations of selected seedlings, it is lioped to 
establish pure homozygous canes, rich in sugar, both thick and thin, 
and from this foundation stock he proposes to build up seedling 
varieties. This method was in fact extensively tested by Dr. Barber 
with the object of producing medium canes for North India, but it 
did not prove effective. 

The work on cane breeding is not, however, confined to the 
crossing of promising parents : attempts are also made to induce 
artificial mutations. 

It is known that X-rays -will bring about changes in the 
chromosomes thus altering the characters of the resulting plants. 
When the late Director of .Apiculture, Dr. Leslie C. Coleman, visited 
Java, he saw at the Ellaten Experiment Station new strains of tobacco 
being produced by exposing the seeds to X-rays before sowing. On 
returning to Mysore he arranged to have similar experiments made 
with sugar cane bud sets and this has been done by Dr. Badami who 
has already obtained some interesting and promising results. 

Single eye bud sets(*) of the local striped cane were treated "with 
X-rays and then gro^wn. About half of the resulting canes differed 
from the parent and formed a series of variations including pure 
yellow canes, pure red, striped canes, both yellow and red, some thin 
and reedy ; canes of vap^ing degrees of vigour, some of which were 
much superior to the original local cane. 

treatment of sugar cane seeds in Trinidad, Hawaii, 
Mauritius and Java, does not seem to have yielded valuable results, 

(1) "Woik by Dr. A. B. Muneck on bud variationg in tbo apple canged by 
A-ray ig recorded by Stadlcr (Journal of Heredity, 1930, Vol. 21, pp. 3—19) but 
I know of ao ■work on sugar cano buds comparable with Dr, Badami'a. 
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but Dr. Badomi attributes this to their usiug seeds from heterozygous 
canes. Dr. Badami is an ingenious investigator -with a flair for this 
type of work. So long as he remains in charge some valuable results 
may be expected. 

Other experiments at the Departments laboratories or at the Eebbal 

Farm. 

TJie laboratories — In addition to the usual investigations arising 
out of advisory work there are experiments by the chemist and the 
botanist on the Sandal spike disease which is of some importance to- 
Mysore. The problem is obviously difScult and if it is desired to 
make much progress it should be pul in charge of a good plant 
pathologist who would devote his whole time .to it and And out more 
definitely the class to which the disease belongs and its rdations to 
the associated plants. 

The farm . — In addition to the usual experiments on crops — 
including tapioca — ^there are experiments on the crossing of sheep 
with a view to improving the wool : on tlie maldng of composts : 
and on beekeeping. 

•> 

Mysore. — ^Fruit. 

'In view of the successful growth of apples at Bangalore it 
appears that their cultivation could be extended and there can be 
little question as to the advantage of doing this. Other fruits also 
do well. A scheme has been submitted to the Coxmcil by H. C- 
Javaraya, the Superintendent of the Government gardens in Mysore, 
but at present a senior marketing ofdcer on the central staff of the 
Imperial Council of Agricultural Besearch, for research on Fruit 
growing and with some modifications it has been accepted, a grant 
of Ea. 46,200 being given to, be spread over five years. 

The Irwin Canal Irrigntion Scheme. 

While in Mysore I visited the e^erimental fann set up in 
1931 as part of this irrigation scheme. It serves an area of about 
100,000 to 200,000 acres of irrigated land of which 40.000 acres 
may be under a monsoon erop like paddy requiring a continuous 
supply of water, 40,000 under a dry crop requiring occasional water, 
and the remainder under any crop requiring intermittant irrigation 
throughout the year. 


MADRAS PRESIDENCY. 

The agriculture of Madras is characterised by the dominance 
of rice and millets among the food crops, these, however, being com- 
plementary to ea(^ other. One of the millets. Ragi, is almo^ con- 
fined to Madras and Mysore. Wheat is hardly grown at all but 
there are considerable areas under oil seeds and relatively large 
areas under fruit and vegetables. About one-lhird of the sown, 
area is irrigated. 
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IVCadras University : Presidency College : Mescal College, 
(Visited December 13th and 14th, 1936,) 

The Madras University was until recent years a co-ordinating 
body like the London University : it is now, however, establishing 
Research Laboratories, several o£ 'which deal with subjects under- 
lying the Council’s work. The Botanical Research laboratory is 
under the Directorship of Dr. M. 0. Parthasarathi Ayyangar. Much 
of the work i.s concerned with the stud 5 ' of aigte, both of soil, of paddy 
holds, and of tanlis. The diatoms of the river Cooum and elsev/hore 
are also studied. The investigations arc on pure botanical lines but 
it should not be difficult to effect some linking, or at least under- 
standing. with the workers on the aigte of paddy fields at Dacca. 

The University Biochemical Research Laboratory is directed 
by Dr. M. Damodaran : the work is largely concerned with the 
proteins, both animal and vegetable, but especially the latter, 
tltudies are made of proteoelostic enzymes, and of the nitrogen 
metabolism of germinating seedlings. 

The work of the Zoological Research laboratory, under Dr. R 
Oopola Ayyar, is concerned with marine biology, the lines being 
similar to those of the Marine Biological laboratory at Plymouth 
The life histories and life phenomena genoraUy of the fishes found 
along the coast arc studied. The knowledge thus accumulating will 
prove useful for any organised development of the sea fishing industry. 
As many of the animals described are but little known it would be 
useful to provide more help for identification and for giving 
greater detail in the plates and description. 

The Director of the aquarium is interested in the culture of 
fresh water fish some of which — certain carps — grow so rapidly 
that, if introduced into village tonics at the beginning of the rains, 
they are large enough to be eaten before the tanks run dry. 

Presidency College is one of the constituent CoUeges of the 
University and several of its Departments deal with subjects import- 
ant to agriculture. The Botanical Department is under Professor 
T. Dkambaran who took charge at the end of 1934 : the work includes 
morphological and physiological studies (absorption, transpiration, 
etc.). A scheme has been sanctioned for research on tbo develop- 
mental morphology and anatomy of the sugar cane-sorgbum hybrids, 
and a grant of Rs, 8,600 spread over 3 years has been aUocated. The 
work is to be done nnder the supervision of Professor T. Ekambarau 
in his laboratory but both Rao Bahadur T. S. Venkalaraman and 
Dr. Janald Ammol will keep in touch with it. The research should 
be recognised as being solely for the purpose of giving information, 
not of furnishing directly practical results though of course it has a 
bearing on the causes of standing ” power and resistance to 
lodging ; it should be judged on its soundness, and not on any 
standard of practical valilo. 

In the Chemical Department (Dr. B. B. Dey) peroxidases have 
been studied and also certain mescal plants. 



*200 


Special mention must be made of tbe work of the Department 
of Physics (Professor H. Parameswaran) although it lies outside 
the province of the Council. 

Tobacco Substation of the Imperial Listitute of Agricultural 
Research, Guntur, Madras Presidency. 

In recent years there has been a change in the demand foi 
tobacco : with the enormously increased consumption of cigarettes 
it has become necessary to concentrate more and more on cigarette 
tobacco and to give up the old varieties and methods used for dgar 
tobacco. The Council therefore established at Guntur, the centre 
of the well-known tobacco growing district, a substation of the 
Imperial Researcli Institute for studying the effect of environmental 
conditions on the quality of cigarette tobacco, giving a grant of 
Us. 1,01,240 to be spread over five years. 

Two well-known Virginian varieties, Adcock and Harrison’s 
Special, are grown under a variety of conditions ; soils being brought 
from other parts of India for the purpose. Chemical investigations 
of the composition of cured tobacco leaf are proposed, but 1 am 
doubtful whether much useful information can be obtained by 
analysis of plants grown under the very artificial conditions necessitat- 
ed when soils are imported from other areas. Flavour is a very complex 
and subtle phenomenon, rarely reducible to any chemical formula 
even in the simplest case, and tobacco presents a difficult problem. 
Chemical analysis can of course show how much nicotine is present 
and may thus eliminate bad samples, but a surer method would be 
to secure the co-operation of the buyers who have a fuller knowledge 
than anyone else of the consumers’ requirements and who have their 
own standards to which the tobacco must conform if it is to find 
any place in the market. 

Investigations on the virus diseases are also contemplated. If 
these are undertaken the work should be on a proper scale and done 
in a well equipped laboratory, in close touch with the English 
laboratories where virus diseases are studied, and if possible, with 
the cTava laboratories also. Tobacco mosaic virus has a great tendency 
to throw off variants with different pathogenic properties. This 
makes the search for virus-resistant varieties somewhat hopeless 
since a variety resistant to one variant may not be resistant to 
another. "3." possible method of control, if every virus disease 
became conunon, is the introduction of comparatively innocuous 
strains of virus which may confer immunily against the more 
destructive types of disease. (^) 

The Nilgiris. 

Coonoor — ^Nutritional Research Laboratory. 

(Visited December 19th, 1936.) 

The work here is under Dr. W. R. Aykroyd hut as it is not 
directly assisted by the Council, it falls outside the scope of this 

_(i) This method is studied in Java hy Dr. T. H. Tanf; of the Dok Proef- 
Htation : an account is given in Boview of Applied Mycology, 1936, Vol. 16, 
p. 533 ; 1937, Vol. 16, p. 414. Heedless to say the method eonid he adopted 
only under the strictest expert Buporvision. 



201 


report. It bears so closely on the present enquiry however, that i 
have to refer to some of it some detail : this is done on page 19. 

Potato Breeding at Nanjanad in the Nilgiris. 

Parts of the Nilgiri districts are particularly well suited to 
potatoes, so much so that no fewer than three crops can be grotvn in 
one year, vtz., 

(1) The main crop (rain-fed) planted in March-AprU, and 

lilted in August-Beptember j this is the most imijorl- 
ant and occupies about 6,000 to 7,000 acres. 

(2) The second ci’op (also ram-fed) planted in Angust- 

Bepteniber and lifted in Deeember-January ; this 
occupicb about 4,000 acres. 

(3) The third crop (hrigated) planted in Jnnuaiy and 

lifted in May : the area has increased from about 300 
aci’es a few 3 -cars ago to 1,200 acres at present. 

A scheme for researeli on the breeding of potatoes is carried 
out at Nan-jauad 9 imlcs from Ootacamund under the supervision 
of Sir. V. iC. Bubrainanya Mudnli 3 'm-, a grant of Bs. 20,000 to be 
spread over five yeans being given for Ihe purpose. The wwlt con- 
sists in crossiu" Coonoor AVhitc, a vnriet 3 - found at Coonoor but 
of unlmown origin, with various other potatoes, and observing llie 
Te.sults. Work oi this kind is to a large extent eiapirical, and sojiic 
of the plants obtained have already been discarded. Coonoor white 
was chosen hccnusc it tiowers and seeds profusely. 

Diihcultics were at first experienced in obtaining successful 
settings and in raising the seedlings, hut they arc-believed to have been 
largely overcome. If this turns out to be the case further crosses 
should be definitely planned with the purpose of obtaining diseasL- 
rcsistant and heaiy 3 'ielding varieties of commercial value. 

It is oTten difficult to obtain seed for the second crop as that 
supplied for the first crop w-ill not grerw satiBfaetoril 3 - u-ithout a 
period of rest. Various chemical treatment*! are now Icnotvn, how- 
ever. for shortening the rest period of potato seed, and these should 
be tried. (^) 

m 

The Ooimbatore (Madras) Schemes. 

A group of Agricultural Institutions has grown xrp at Coimbatoie, 
moldng it one of the most interesting and important research 
colonies in India. It stands at the foot of the southern extensior 
of the Nilgiris on the cast side, at the edge of the plateau some l.OOO 
to 1,500 feet above sea level which .separates the coastal plain of 
the wc.st from the wide expanse of the Colcron river system draining 
eastw-ards into the Ba,y of Bengal. The situation is ver.v favourable 
to the growth of all tropical and subtropical crops, and the proximitx- 
to higher land widens the range of possible investigations besides 
impjwing the conditions of life for the workers. 


Cx) See, c.ri , I\ J3. Denny and L. Wilier, Bnvee Thompenn lot. Trans., 1935, 
Vol. 7, p. 357. I . i 

naolCATl ^ 
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The Hiinunl rainfall is about 20 inches and comes from both 
monsoom. Tlit soutli-n est monsoon, however, which sols in about 
the bej^nmint' oi J line, hi mgs only little riiin and its elTccts aro ofliici 
bj Jngh muds so lliai sowing can nsunlly only be done in August 
The north-east monsoon which begins about the beghming of Octohei 
bungs xuoie raiii, and most of the annual rainfall is received then. 
Jnnuuiy. February and ilaich arc nsually dry. and tliundorstorms 
often eoiiip in Ainil and ^la> facilitaling tillage operations generally. 
Amiile iirigation ualei is available, however, for all experimeutul 
woik Tlio toinperaturc is jmieli less vnrmhlc than in the north ; it 
raielj ri-.es .ilioic lOO’F or lolls below GO’’!*'. In these eireumstances 
plants can complete their growth and set seed without fear of damage 
by cold. 


Both red and hlaek soils arc asailnblc for experiment, and ail 
three tyjics of cultivation common in the province can be carried out ; 
associated respeelively witli the unirrignted rod soils (chohim, gram, 
dry cotton, eie ) ; with the so-ealled “ garden ” soils nrJgatcd from 
■v\ells(») (Cliolnni, Cainhodui cotton, Rngi followed hy Green Manure 
crop) ; and with the wet ” lands for which some oopioiis snpplj 
of watei is available for a short period from -fnly onwards, and on 
which Giiu’forc paddy can be grown, or, it a more coutinuoiis supply 
is aiailahle fioiii supplementary wells, mneli more profitahle crojis 
like betel vine, sugar eaiie, coenanut palms, etc., become possible. Of 
all the stations 1 usiled this is the best suited for breeding and grow- 
ing a w’ide tnnge of tropical phniU.. It is not surprising, fherefore, 
that (I number of Institulions should have developed here : the Madras 
Agrienltural College, the Central Farm of the Madras Agricullnral 
Department, the Impei-ial Agricultural Research Tnstitulp for pro- 
ducing sugar canes special stations for paddy, sugar cane, cotton and 
niillct* 


Tho Imperial Agricultural Rcsearcli Institute. 
f!uijar Cant. Breeding Station. 

The Station was slartcd in 1912 and wn.s tho first of its kind in 
India Prior to that dale attempts at improvement liarl been confined 
to comparisons of eertam canes iropoitcd from Java, MnuriHiis or 
other parts of India, and nnilliplivation of any that seemed promisin'*. 
^0 hroeding work was dijne because tlie seed would not set in the 
Aorth, where the catje was imporiant as a crop, while in the south. 

tittle importance. In 1911, howmer, 
V ‘ Agnenlturc took tlie mattex in hand with the 
result that bleeding work was started here. 

latn "T fortunate in its first Dhcctor, the 

nraWem= Barber who suoeessfiilly overeamc the vciy* dilllcuU 
^blems imohod in effecti ng cross fertilisntionf®) and, by a happy 

S5— ^ he watered by ono wrti The weuT'arc nbo^T 

S5-40 ft. deep, and mar cost wiytWng from fts WO to Us. a.OOO: 

of 1 I*’’*' ‘o ahawTi by the fact- that tho nower,hend 

nodcs'it fS’"’ 



itroke or gcnhis, recognised the adv,iutugG of iudigcnous varieties as 
parents, iiiblcnd ol relying on impuricd varieties ; in particular he 
Used the A\ild yaeciiaruju plants, cs})ecially Haecharum spoiitancum. 
Ho thus produced an entirely new set of varieties of great vigour 
and power ol giowth from which selections suited for various con- 
dition were made. • These gradually spread over India, aud the 
advantages oi tlio nork were so manifest that the Imperial institute 
of Agricultural Koscareh look it over in 1931. 

llao Bahadur Vcnknlaraman iollowcd Dr. Barber and further 
developed the technique ; he has shown cousideiable ingenuity in 
devising means whereby the tioublcsomc i>i*oecilurc of cross ferti- 
lisation eaii be simplided and «<nrried out more comfortably. V urious 
devices arc now worjccd out to alter the time of flowering so that two 
varieties which do not usually flower .siiniiltancously can bo made to do 
s*tJ, lluis allowing ciossnig to be done. The times of planting may be 
so arranged that both vaidefios flower at the same time. Earlier 
flowering of one of them can be induced by shortening the hours ol 
daylight, hut the pollen is* then mucli less viable. Flowering can 
be retarded by topping and allowing the side-shoots to develop and 
flower, Fuither, ho has made crosses between Juar {Andropoffou 
Sorghum) and .sugni* cane wliieh if they should prove of practical 
importiiiiee as sugar prodm-ens, w'ould have the further ndvnnlago 
that they grow rapidly and are ready for harvesting earlier than 
the usTiid sorts, thus prolonging the factory season. As they differ 
somewhat from ordinary sugar cane tliej* arc being slticlicd in the 
Chcmislry Dopartinent at Delhi. 

Mr. Venkntarainan has also developed methods for studying 
root development and is finding the relation between this and other 
chaiactens of the plant, 

lie i.s further tiying to obtain new 'V’arictic.s by mutation, 
imilants being induced by injurj*. 

The problem of breeding sugar cane is complicated by the 
circumslaiice that three clilTerenI kinds arc needed : (1) medium 
canes whieli the jieaSiinls can crush in their mills for the making of 
gur, (2) thii'k eanes which the fnctoiics cini u'tc, (3) .soft canes for 
cliew’ing : tlii.s last l;ind, Jiowcvcr, is of minor importance. Both 
faelorie.', and i>eiisonts need n certain proportion of fibre in the cane 
a.s the residue after crushing is used for fuel ; the peasants in addi- 
tion use the fibre for making ropes for tlicir water lifts. The 
physical labour involved is extraordinary ; some 200,000 seedlings 
are rai.scd niiniialiy, and the work is possible only because JEr 
Venkataraman eUn divide it ; bo lakes special charge of the medium 
and thin eane.s, while JEr. Dutt takes charge of the tliiek canes. Tlie 
general purpose in the breeding experiments is to produce a range of 
plants from which .select ion can be made for various properties : suit- 
ability to the condilions of different parts of India, resistaiitte to 
vnrions diseases or jiesls, earliness and high yield, lateness without 
degen ernt ion (1) in the Tndion wimmer. 

Con.siderub1e sncccss has already been attained, and the Coim- 
Imtoi’c canes are known all over India. 

(1) An rfiowTi "by Snvorsion of the mcroic anil oltooting of tho buds. 
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Cytological studies of the Genetics of Sugar Oane. 

Goveuxmi.'nt or India ScHiarn. 

Cytalopical mvciligutioiis arc neces&arj- for a comijletc under- 
stniidiuc of llie gcjiotics of any plant and accordingly the Council 
has made a giunl of Us. 37,400, to laM for 5 years, so us to cnnljlc 
tlicin to 1)0 carried out. JliSiS 13. K. Jnnaki Anuunl spout a siiort time 
in England obvcxsiiig inodorii metliods of invcsligntion and 1ms noir 
begun the nork at C'oimbalo'rc 

It is too oaily to attemiit any suninmry of results or to express 
any opinion ol tho iiork. TIic inscstigalion lias the wider interc't 
(bat it will .slioD mIicIIict cytology can or cannot afford tynetical 
guidance to the idiint bieeder in India H Kao Balmdur \ enkata- 
rainun finds cylological liolp useful other plant hreeders may do so 
also. 

Developmental morphology and anatomy of the hybrids. 

Professor T. Ekambaraii is studying this at the Presidency 
College, jMadras IHH)- 

Chemistry of sugar cane. (C/. morphology and anatomy.) 

A parallel scliciiio dealing with the chemistrj- of sugar cane was 
suhinittcd hv the Madras Oovernmcnl but on the transfer of Air. 
Yiswa Xafh to the Central Keseateh Institute at Delhi the suhouc 
went uitli liim The i»rograuuno is very ambitions, including as parr 
of one item- -there are ses-cn in all — the study of the lormntjou of toe 
carbohydrates in the leaf, one of the most difficult prohicras in hiochr* 
mistiy at which whole Dejiarlments have Avorked for years Some oi 
the other items are equally extensive. It svould not be fair to the 
A'-orkers to expect much in the way of practical result-s in an> 
limited period of time and on general grounds the work is roore 
cnited to a University where its value for the training of chmists 
and plant physiologists — w'liich is s’cry con.siderahle^could be better 
utilised. 

The grant, however, is not large ; Ks 23.000 to be spread over 
a period of three years, and the period should he completed. .If 
the end of that time any of the results appear likely to help in the 
selections or lireeding of new emnes a new programme could he sub- 
mitted devoted cvprcs->ly to that end. 

A Kcseaivh programme at an. station should alwnj-% 

he'' definite ; otherwise the work becomes , diffuse and the results too 
vague to he of ranch value. 

There are. however, two important chemical problems which 
eould with advantage he studied, hnt the progremrao should he quite 
ele.ar. Certain eon&s bred from wild saechanitns prove tronblesome 
in file rnalring both of sugar and of gnr, prcsiimaldv on acoonnt of 
some non sugar eourlitneni of the juice. An investigation into tlw 
twi’fe of the trouhle might suggest some way out of it ; the wortr 
should be done jointly with an expert at a good sugar factory. 
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The second problem is largely physiological and would indeoil 
need doing in conjunction with a physiologist : the study of the 
changes during the ripening period, particularly the effect of variety 
and of environmental conditions on the ratio of sucrose to the hezose 
sugars, which is of importance in the factory. 

Madras Government Stations. 

Anakapallc and Cheddiyaiam' {Shihstaiions). 

The work at these stations consists essentially in the study of 
varieties in relation to the different conditions : it is supervised by 
Mr. Kami Uaj and !Mi'. S. S. Palimdu Garn, the total cost over a period 
of years being lls. 3,00,200 of which, however, the Council pi’ovido 
only one-half, ««., Es. 1,50,100. 

1 was not able to visit tlie stations, but responsible ofdcers met 
me at Coimbatore and discussed tlieir results with me. 

The Auakapalle Station is old, having been established nearly 
25 years ; its sojI is a hea^O' day loam : it is well situated in regard 
to the mon&oon, receiving about 40 inches of rain a year, about 25 
of which falls hetueeii June and October. The Guddiyatam Station 
is new : its soil is a loam, its rainfall is lighter and not so wcU dis- 
tributed, June and July being dry, and -the rain coming only in 
September to Isjovember. 

In the Madras Presidency sugar cane is giy)wn under two entirely 
different systems of irrigation : (1) Flow irrigation ; where the water 
during the periOtl of largest growth (July to December) is supplied by 
canal, though at other times (February to Jnnet: January to April) 
it is lifted from wells : (2) Lift irrigation : wliere the water through 
tljc iiei'iod of growth pEaroh to September or October) is lifted from 
wells, while in the later period (September or October to Februaiy) 
it is supplied by flow from tanlcs, and during the remainder of the 
year from wells. Tinder both systems the cane commonly grown is 
J. 247. The experiments under the “ flow system ” are made at 
Anakapallc since April 1933, and those under lift irrigation at 
Guddiyatam since April 1935. Irrigation being one of the chief 
items of expenditure in the cost of cultivation, exiieriments are made 
to ascertain liow to make better use of the rain water so as to reduce 
the need for irrigation water. 

A third condition may arise, lioivever, whenever paddy and 
sugar cane are grown in adjacent fields in whieli case the water from 
the paddy field trespasses and may cause damage to the cane through 
water logging the soil. Co. 243 has been foimd to withstand these 
conditions better than any other, and Co 313 come.s second. An 
enormous araounl of data has been collected which, however, has not 
yet been summarised. 

It is impossible to express a definite opinion on tbi.s work with- 
out seeing it, but so far as I can judge* from a study of the results 
and discussing them with the Staff it seems to be well done and to 
promise good practical rcsidls. 

It would he well to arrange that the actual workers (as distinct 
from the Directors) of these farms periodically meet, visiting the 
three farms in rotation — ^these two and Coimbatore. 
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Bice. 

The Madras investigations on riee vrere begun by Mr. F. R. 
Pamell(i) in, 1913. lie worked out the methods of cross-breeding 
nnij of field experiment, and m two very important papers, which 
serve as models for later workers, he made a full analysis of the 
inheritance of colour characters in paddy. He further studied the 
probable errors oi field experiments. He left India to take charge 
of the cotton research station at Barberton (South Africa) where he 
is engaged in producing ndw varieties of cotton. 

The work was carried on by Mr. K. Ramiah, but, he, in turn, is 
also giving Up rice for cotton, which he will study at the Institute of 
Plant Industrj', Indore Since 1915 the work has been centred at 
Coimbatore, but the 3Iadra& Government possesses four other rice 
stations, and as a result of tlie grant made by the Council a sub- 
station has been started in the north-east of the Presidency at 
Berhampur (Ganjain) now in Orissa. The grant sanctioned was 
Rs. 1,15,660 to be spread over 5 years. 

The purpose of the work is to collect and study existing varieties 
of rice (measurements are taken on about 500 pure lines but the total 
collection now exceeds 1,300} and to produce in addition new ones : 
from all this material to select sorts better suited to the conditions of 
the various parts of the Presidency timn the present ones. 

The production of new sorts is accomplished not only hy plant 
breeding in the ordinary way, but by seeMng to cause mutation by 
devices such as X-ray treatment, which may alter the chromosomes 
and so change the plant. 

Selection work is done at all the stations and has already resulted 
in the introduction of improved types wliich are being multiplied for 
distribution. Since some 70 per cent, of the rice gro^vn in Madras 
is irrigated it is very important to find good early varieties. For 
the non-irrigated areas, it is equally important to find good drought 
resistant varieties, and everywhere disease resistance is needed. 

In addition a number of cultivation and mannrial experiments 
are made It is shown at Berhampur that a broadcasted crop sown 
at the right time and well managed gives as good yield as a trans- 
planted crop ; that 40 to 60 lb. seed per acre is the optimum sowing 
rate ; and that for transplanting, seedlines 30 to 10 days old are 
better than seedlings 50 or 60 days old. Green manuring is effective, 
and fertilirer nitrogen can he given in addition, sulphate of ammonia 
being a hotter source than nitrate of soda Phosphatic fertilisers on 
the other hand had little or no effect. There was no evidence that 
the combination of nitrate of soda and sulphate of ammonia was better 
than sulphate of ammonia done as Dr. Dastnr’s laboratory experi- 
ments had seemed to indicate. (®) The experiments at Coimbatore 
show that the sulphate of a mmonia is most effective at the time of 

Cl Mr, PiSmcll was at first styled “ lloonoinic Botanist ” and liis work was 
restricteil to cotton ond p.iddy. In 1920 a cotton specialist was appointed and 
from llicn to the date of his retirement (19201 ho confined himself to paddy 
under the title P.addy SpeeialiW 

’ (1) Other stations also aarce OTeeptIng Trivandrum, on a poor latcrito soil, 

where it was stated that the mivtiiro gave better results* 
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forming tlie rndimenlary car, wliieh, of course, varies witli the locu- 
tion and the vuricty, 

The Millet Section. 

The worli of this .section is in the capable hands of G, is'. 
Itanga-swauii lycilgar who was tmuied under Mr. rnvncll. In tlie 
Madras l’re->idi*ney the millets are the counlcrj)art of riec, the area 
they occupy in the different districts being inver-sely proportional 
to the area under rice. The mo'd popular millet in the Presidency 
is Andi'opoffon iiorglium,(^) the jnar -of the north, but here called 
Oholain : the areas ai‘e ; 

Million acres. 


Andropogon Porghvm (Cholam) .. 

* • 

1.8 

Fennisetinn iyphotdan (eumbu) . . 

» t 

2.9 

Elttsia corocana (ragi) 

» > 

2.2 

Solaria Italica (Tcnail 

• » 

1.G 


, There are also other niiHe.(.s. including Paspahm scrobiculatum 
(Kodon) occupyiuK wnnllcr areas. 

Cholnni cives the best yields both of grain and fodder on citiicr 
dry or irrigated land, though it is cliieily grown under riiy c-nidi- 
tiona, the crain being esteemed more untritions tlinu that from 
irrigated crops. 7’his may h« true, but 1 could find no evidence : 
nndcr irrigated conditions the protoin content may be less than 
under dry conditions, other things being equal, 

Kngi is prefori'ed as an irrigated crop, and so U usually in the 
hands of nion more economically sound than is the ordinary dry 
land farmer ; improved strains arc therefore more readily Inken up. 

'J’enni has tivo advantages ; it possesses a husk, and so is Ic^s 
liable to attack by birds and insects tlian the others, wliieh arc naked j 
and its .slenderness enables it to grow among cotton plants, thus filling 
in with ryots’ *' Safety First ” devise, the double crop. 

Kodon is the poorest lioth in yield and in iiutritiA’c A’nliie, some- 
times, indeed, the grain is aclnally eynnogf-nolic ; its only merit is 
that it AviU grow under extrenidy poor conditions and it is cultivated 
in places hy the deprc^oed elass-e-s. 

The main purposo of tho woi’k is to find slrahts or sarieties of 
these niillefs suited to the difi'erent local conditions, mid svliciv neces- 
tnry, i-es5slnnt f<i Striga. (he fiowering loot intrasite which does so 
much d.sinnge in many pliice.s Tiiimuuc and resistant varietio.s have 
been iiiipoitf’d from Africa mnl will he u<-ed ns parents in cross- 
breeding work. Atleinjits are further iniide to improve the juiciness 
of the Chfilnm stems so as to imske them more palatahic to cattle. 

The worJ: is being well done ami fihonld, in my opinion, be 
developed. In spile of its low ceonotnie ntliic due ntfenliou rIiouIiI 
he given to Kodon in view of its spceial position ns a poor man’.s 
crop ; it should either he improved or replaced The pulae DoUchos 
lahlftlt, Avhieh is also included in the studies, .should for the same 
reason receive ndcquntc attention, 

A reinaikahle phenomena has been observed on the hlnek soils : 

(1) J’or a full nrrount of ttiis crops, ff*" J. li. Snowdon, '* The Cnlttvatcil 
of Sorgtmm ”, I.ondnn, 3fl30. 
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citter a crop of cliolam the yield of cotton is less, and the soil becomes 
much moic compact, than after a crop of cumbu. : the soil also con- 
tained more exchangeable sodium.(*) Much more field work will be 
needed to ascertain the facts but if they can be established beyond 
dispute — and not till then — an interesting laboratory investigation 
nill become possible. 

The lOalting of Cholam. 

Some 20 years ago it was shown by Kao Bahadur B. Viswanath(*) 
that malted Cholam could be worked up into foods resembling the 
various patent malted foods for infants and invalids. Some of the 
preparations were exliibited at the liladras Industrial Exhibition of 
1917 and gained a gold medal ; nevertheless no industrialist took the 
matter up, and nothing more was done. 

In June 1935 a scheme was started for studying the chemistry 
of the process of malting, the work being carried out under the direc- 
tion of the Government Jlgricultural Chemist, Mr. P. V. Kamiah and 
by an assistant Mr. M. Suryanarayana. The amount of the grant is 
Es. 11,660 to be spread over three years. 

A certain amount of preliminary work has now been carried out 
but ns yet little seems to have been added to what Rao Bahadur 
Tiswanath had already described. 

In my i-iew the important problem here is whether it is worth 
while trying to set up a cholam malting industry ; the ohemistiy of 
•the ])roccss is of little interest unless that is done I recommend 
tlierefore that the medical authorities should be asked to experiment 
with cholam malt as prepared by Mr. M. Suryanarayana. and to 
report uhether it is superior to malted barley as a basis for infants 
and invalid food. If it is, then active steps should, in the public 
interest, be taken to establish the industiy ; if it is not, then the 
investigation should be discontinned and efforts should be directed 
to finding what kind of barley gives a satisfactory invalid food, and 
how, if at all, existing malting processes must be modified to furnish 
the new product. 

Impressive figures were given me showing the value of imported 
malted foods, but it should be remembered that most of them are pro- 
bably purebased on the recommendation of a doctor or a nurse, and 
it is doubtful uhether a product that lacks this bacldng -would 
succeed. 

Fruit Schemes 

Parts of the Presidency of Madras are very suitable for the 
cnltivatioji of frnit, apparently one of the most remunerative branches 
of agrieijlture The arca.s in 1935 were ns follows : 

Mangoes .. .. .. 230.000 acres. 

Bananas . . . , . . 140,000 acres. 

Citrus and other fruit . . ' . . 15.000 acres. 

_ . (*) 'V'. llnm-in!itha A-vinr, 8 Knsinatli luifl M. B. Baln^rlshnan, Cfurrent 
Science, 1935, Vol. 4, p. 99. 

(2) Bullotiu No 1, Dept. Ind and Agile , Madras, 1925. 
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Investigations on bananas ai‘e carried out at Coimbatore, and uj 
mangoes and citrus at a hpecial Fruit Resenreb Btation situated at 
Kodur (Cuddapab) in Uie plains 

The Council has made a grant of lis. G6,000 to bo spread over .1 
yeju-{. for the -work at Kodur, and of Rs. 69.095 also over 5 years for 
the Avork at Coimbatore. 

Combatore CTi)crime7its on Bananas . — ^Bananas or Plantains bavc 
the advantage that they can be grown in w'pt conditions and conse- 
quentlj' can be assoeinled uith the cultivation of swamp paddy. 
There arc, however, many varieties, the fruits of w'hich A'ary 
cnormoxUily in palnlability, and it is essential that they should be 
sorted out and only the best of them grown ; greater unifoi’inity in 
produce- should also be attained. 

Mr. K. Clieriun Jacob, who is in charge of this Avork, in a survey 
of the types of Indi.'m hannnas, found no fcA\er limn 500 differently 
named A’ariotics. ^Vhcn grown side bj side a number Avere seen 
to be identical, but after elimination of duplicates there still 1 ‘cmaiued 
some 50 or GO distinct type-s. Selection from among these is proceed- 
ing. Still further improvement could he effeeted by hybridiaatioii, 
but Ibis jirc'.eiits s'pceial diffleiilties, owing to the low proportion of 
fertile .'.eed pioduced, AAhieli. however. Mr. Jacob thinks ho has over- 
come and bo proposes now to proceed A\itb the work. 

Close touch .should be kept Avith the inA'c.stigntions of 1'rofejs.sor 
Clieesinnn and hli*. !.>. N. If. Liiiter on the breeding of bananas 3u ibe 
West Indies. 

The utilisation of tindersized and tins'aleable bananas is being 
studied ; they are being made into jams, jellies and floor j and cut 
info slices or linnjis wliicb ai-e dried in the Min and called crisps, 
nuts, figs, etc. 'I’lic ryots on the Av-est coast pound up the sun dried 
fruit into flour w’liicb tbc 3 ' make into porridge for children t onlj' a 
particular Amrietj’ is used, bow'pvcr ; this was found to eontniu 5 per 
rent of protein, AAbde other A’aricfies eonlain 3 per cent. only. 

Cotton, 

Allbougb cotton falls outside the scope of this report I must 
record the visit I nuKle to .see the e'cperiments of Mr. V. R.Ainannllm 
Ayav. Potion is not inueli euUiAmted in hlndr.as, onl,v 9 i»er cent of 
the total Indian piodurtion being grown here. N'cA-ertlielc-ss the 
hlodras cro]) is far mois* important fJuin this fi”Ure suggests since 
most of it is the so-enlled medium staple cotton. There is the further 
special fcplure tlmf cotton. Avliicb elscAvhere is a w'arm weather crop, 
is in Madras a cold Aventber crop, being soAA’n in f?eptember or October 
after the nortli-enst mortcoon and pieked in the following March — 
Waj* : a sc(*ond flush eome.s from .Tulj* to August, and further pickings 
eon^d be obtained but, as this late eoutiniianee of the crop lends to a 
high degree of infesbition with the innk boll woimi, the Pest Aet 
rerpiires flint all TTixAsutum cotton shall then be pulled out 

Cambodia cotton is the main American vnrjetv groAvn and is used 
as a xinrent in the breeding work beeanse it i.s .inssid resistant. An 
important part of the Avnrk is the search for earlier A'nrieties. whiob 
Avonld necfl lew lifting of wa1e-r. 
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Oroimdnuts (ArnchiB hypo^aca), 

Miitir.is liii‘i II linger fue.i uiulei gtoundnuts lliitti any other 
proMiu-i', €inii therofoio it ts fittnig (lint (he jcicalcli rchcino bhould 
bo jihuotl bore. The t./lu‘mo is n|»i»rov(‘fl but iiol yel btarted : funds 
mil It Is iiiulorstooil, be providctl for five yoar« 

Till' puigiuiniiie lliiiilly noeeiileii liy (ho. founcil Snuluik*'; (w oliicf 
lo<itiue> (lie sileetiiiji or liteodniir of vniielios possessing high yield, 
high oil tontoni, high t helling perecjittipe oiul lovi Irtre fntly ncid 
viiuieni .('j iioKi these to i-eJeet aKo «iiiii''hl jesistnnt anil discus" 
re.sistimt vniieties The efl'«ets of ^oil, cHinntic, jiiiiuiirifll and geneinl 
mniingeiiient conditions on yield nnd tfuality of oil tvill also he btudicil. 

It IS imporlunt that tlie vork shonhl he conoctit rated on thoso 
inani items, and .should )tut he alloned to liciomc difTtisc 
Sunnhemp ; Samnlkota Station. 

Sniinlicnip is unjiorinnt in scseral provineiSs and research 
Bcheiiies Anonvid hy the Council arc in progress in Itndras, the 
Central I’rovineri., Conibuy mid Itihnr, nliile n acheme from the 
Ignited Provinces liiis hesw consideriHl. TJie eo-ordinaleil (.ehemes 
linve the luU’mit.ige Hint they permit of orgimised investigation 
under iliilerent londitions. and of detail'd disenssion of rcsnltb. 

Releetion and lirecding nork with Miniilieiiip is coinplicatoil hy 
the eircxnn* lance tlinl (he plant is normally cross ferlilircd by large 
bees and will not readily set seed under a hag — the iienal deiicc of 
the yilnnt breeder. I>r. Cppal at rooiia has norked out » proeeclnrr 
whieli in Ins hands has proicd sueeossfnl (page IW) ; so also has 
the -\s«lstant Kconomie ISotnnist in Biliiir (ip.'ll). For the present, 
however, the work is eonfiued to known good varieties eveept at Bihar 
where some fielectiun is done : otherwise the progrmnine is on similar 
linos at all four centres. 

A scliemi* has i ceently been approved, with a grant of Ba. 1.500 
sjircad o\cr three years, for improving llie finality of fainnhcmp fibre 
Known good varieties will he collected loually and from other parts of 
India and conijiarcd Ihongh there wrill he no releetion or hybridising 
work The elTects of various factors biieh ns seed rate, time of Imrvcpl;, 
nnd various modifiret'on in the setting process on the yield and finality 
of the fibre, will he determined. 

The programme appears to he sound nnd free from oh.iccliou' 
able diiTiisenO'S ; the workers e^onld beep .steadily to their main 
lines. 

Other activities at Coimbatore 

t sisited other organi'-ntionS and Departments at Coirahatorc 
but on wliieh T make no report here ns none of the Coniicil’s sehemes 
arc insolved. Pome of the results, howeser, hear on the roilncirs 
work. 

(11 The Agrienltnral College. l*rineipnl — Mr, D. Q. Mnnro. 

(2) The Myeologicnl Section — Rno Bahadur S. Sundninra- 
man. 

(1) The free fntty neSj content is grvatlr sgectecl l>y the methods of Bto'-ngc 
nnd decortieatinj;, nnd there may he tio licrcdllary charn’etet involrcd. 
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Mosaic in Migar caiie is controlled by rogucing infective material. 
Some higlilj’^ resistant canes have been found. 

Smut of eholani is successfully controlled by treatment of the 
seed ivith sulphur. 

Methods of controlling Die-back in Citrus have been studicd.(*) 

(3) The Entomological Section. — C. Cherian. 

A considerable number of pests have been studied since this Depart- 
ment started in 1012 under Mr. T. Bainbrigge Pletchcr, 11. Is. 

Mr. Cherian tvould like to take up the study of the relation of 
insects to the micro-cliniale -within ci'Ops (page 183). 

Also he wishes to develop beekeeping which appears to attract 
but little interest here. 

(4) Tlie Agricultin*al Chemistry Section. — ^P. Venkalaromiah- 
This •\vas started by Dr. W. H. Harrison in 1906. 

The natural deposits of pho.sphntc rock occurring in Tricliinopoly 
have been studied. Many fertilizer experiments have shown the 
advantage of nitrogenous and phosphatic fertOizor along with 
organic matter, especially leaf material. 

Claims ju'e made in regard to the influence of organic manures 
as distinct from the effeets of the simple plant nutrients they con- 
tain, on the’ yield and quality of crops grown in soil. These, 
however, lack independent confirmation. 

The work on mineral mctaliolism of dairy stock falls within 
the province of my colleague Dr. ‘Wright. 

A pasture .sui*vey of the Madras Presidency is being made under 
the aegis of the Council. 

Studies in jaggeiy (gur) -nere begun by Mr. ‘Viswanatb and 
arc continued j)urt]y here and partly by him at New Delhi. 

Nitrogen fixation by micro-organisms is also studied. 

(.'») The Botnnicul Section. — JC. Cherian Jacob. 

A horburiuin is maintained. Weeds are studied. For the work on 
bananas ace page 209. 

(G) Oil Seeds Section. — J. S. Pntcl. 

The work was at fir.<st confined to ground imt (page 210), cocoanut 
(page 214) and caslor. a suflieiently wide progi’nmnie. but it has 
rinee been extended to other oil secd.s. 

(7) The Engineering Section. — Charley. 

I saw here some ingenious improvements on the m’dinniy implements 
and water lifts. 

Kodur, 

Work was started at the end of 1934, the Superintendent being 
Mr. K. C. Naik. 

The farm is classed ns di-y arable land and depends on wells for 
water simply. The rainfall is vari^le, about 25 or 30 inches per 
annum, i-oughty half of which is from the south-west and half from 
the north-east monsoon during 6 to 7 months in the year. The .six 

^ (i) Bee also liynllpm. i 
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months Jununry to Jujic are <lry, except for slight showers in April 
.luil ^ln> 

Manijvi In spile of Ihe popularity of mangoes it is difficult to 
obtnm stiiiulaul hlmOts enpnble ol yielding fruit of hnown variety 
anci (jualits Theie is no uniform pvadiec in the selection of stocks, 
Mini the loeiil incthudh of jiioiMiK.ition are nnsatisfactoiy. It is pro- 
(wst'il thciefoio to eolleet the niiineroiis local vnriclics, to .sdect tJie 
niiisi jnomisuig, and to study the iHfteient nietliudb of pioimgation 
and of cultivation ; also to study the dilVerenl sjiccics of Mnrigifcr.! 

i^iniihir s\ork on inaiieocs Is proceeding also at Bnhonr. 

Diy fanning research schomo. Hngari Station, BcUary district, 

Madras, 

The IJngari selieiiic wns started e.nly in 1031, the total grant 
heing Hs. l.tlHio'O to he spieail over live ye.ii\s. Mr. C. Vijaynriighavii 
Acharyn is the stiperinlcudeirt. I ■was not aide to visit the tdalion, 
hut lie and Dr. Suhlm Ihio, the Soil Vhysieist. came to Coimhnlorc 
to .show me the results. 

The Station i.i an old one having keen started in lOOC for 
studying the possjhility of iiTigiiting the eumninding hlnck cotton 
soil by pumping water li-oin the llntrari river i the ffistrlet is 
iniportiinl since ahoui one-fifth of the total area of Choliun in ihe 
Province is to he found here The Station lies fid miles south of 
the UaUdiui al.it iou. and the eomlitions jiecm to he generally .simihuv 
so that eonsiderahle •ninilarilj ol irstiils mey he expelled : it U 
about 1*10 inihs to the south-ivst of litpipui. The rainfall is about 
17 inches, nlumi half of vhieh comes in September and Oelobei*, 
and fiom then on till February there is but little more. Tlic region 
eontaius both red and liIaiK .*«il- The red nie lighter and more 
perincnblc • well iirigalion Is pr.telie.ihle and the problems are 
mainly noimmie. The hlneU soils, however, uic scr^ heavy, often 
containing .'lO pei cent or more of day ; they len-l to be alltalino tnul 
iinpenncalde, nml well irrigation is oHen impraeticnble ; to make 
matters worse in heasy rainfall thcsc soils arc liable to considerable 
sheet ero«:ion. 

The two main soil problems of the Station are therefore, as iil 
Sholnpnr and llaidmr, Ihe prevent ion of Ibis eiosion and the eon- 
scrvnlion of the Seplmiher October rainfnn so ns to serve as fulij as 
po'‘ih)e tlie need'' of the jdants The chief erops grown ere eotton, 
sertft'iim and ••etaii'f. The prop wort con=i*:|s-in malrfiig selections 
of sarieties suited to the conditions, and considerable sxicce-s i* claimed 
for sonic of the strains now dLstribnted. A pure line drain of cotton, 
TIngnri 1 (Oo-<i»piiim hirhoceinn) selected between 1920 and 1927. is 
said to he grow n now on no.arjy 1? lalJis of eeres and a further improve- 
ment on thi' is being sought. The improved sorghum lias not. how- 
ever, spread mndt ; but belter strains arc in slglit. Better strains 
of -setarin are al'o being sought 

_ JTninirinl experiments with compost, farmyard manure and 
artificial fertilisers are also made on modem lines Some of them 
arc bikscd on previous experience that the mannre is be«t applied 
direct to the cereal crop (here s.orphnm or Bctnrin), allowing the 
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cotton to have the residual effect. No striking results were in any 
case obtained. 

Owing to the uncertainty of the early south-west monsoon rains 
the rj'ots commonly grow mixed crops, usually a cereal and a pulse 
each in seimralo rows, in the hope that, if one fail, the other may yet 
succeod. Variou-s mixture*, are undex investigation. This subject 
of mixed ci’opiiing should he more fully investigated. 

Soil Erperimenis . — ^Bunding was found to reduce ero.sion Jmd, 
w'hcn combined with ploughing, to conserve the water suppij'. As at 
Sholapur and Raielmr, I consider that these experiments should not 
he confined to the Station, but that .some of them, especially the 
bunding and ploughing, should be earned out also on ryots’ land in 
order to sciwc as a le«son to the r 3 'ot if they succeed, or to the 
experimenter if they fail. Soil research is best achieved by coraporiug 
different i-esults : and an experimenter who found an instance tvhere 
the resultf, differed from tho'se lie expected uould have an opportunity 
for making advances that might have really important consequonccb. 

The effect,s of dilVerent methods of cultivation and manuring on 
the moisture coiilent of (he .soil arc studied, and manj' physical 
observations are taken, the intcrin-clation of which is at present 
obscure but may become clearer as the data accumulate. Similar 
mcasiu’cincnts arc being taken at the Sholajmr and Raichur stations. 

In juRtifieatiou for this vast amount of detailed measurement 
lins been urged that the agricultural experts must have precise 
information on the physical comiiosition of the soil at tlie station and 
the movements of moisture therein before they are in a position to 
formulate schemes of dry farming practice for the benefit of the 
ryot. This is true only to a vcyy limited extent : if one w'crc eom- 
pcllcd to uait for precise information on the movements of moisture 
in soil the present geiioratiou of ryots would probalily get nothing out 
of the scheme. The sub,ipct is so complex that some use of the empirical 
method of trial and error is inerilable. A considerable amount is 
already Imowji oihout dry farming, and it could he embodied in 
something like the Bombay scheme and tested at various ccnlre,s 
The phy.sienl meusurements would fit in very well with this w’orl. : 
their proper purpose is to malic comparisons between one soil and 
another, soils having .similar “ values ” being expeeted. to tliar 
extent, to behave similarly in the field. For ordinary station pur- 
poses deteminations of soil moisture under different conditions of 
Ircfttracnt afford snfileient guidance. 

At an ctirly dale it is desirable that all the actual research si;iffs 
of these dry fanning stations .should meet to comjiarc their result.s, 
and that the mass of data should then he examined by the Connell's 
statistician or in Profc«sor Jlnhalanohis’ laboratory to’ ascertain what 
records axe woiili continuing and what could be diseorded. 

Cocoamits. 

The Cocoanut palm is the ehiof money crop of south-west India 
and coir making is, next to agriculture, the chief industry. In 
Madras there are nearly 587.000 acres of coeonnnt and a little more 
in Trnvaneore where the 'area is exceeded onlj' by paddy with 700,000 
acres t an acre yields about 3,800 or 2,000 nuts worth even at the 
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present low price nearly Rs. 40. Indeed I was informed in Travaneorc 
that if a cultivator owned 50 cocoanut palms in lull bearing he need 
do no more work. 

The Madras Government maintains no fewer than four experi- 
ment stations devoted entirely to the study of cocoanuts, and the 
Council has sanctioned a grant of Rs 48,000 to be spread over nve 
years in aid of the work. New A'arietics arc obtainable by cross, self, 
and natural pollination. 

Coeoaiml trees grow for at least 30 to 80 years, and consequently 
great care is needed in malting the original .selection, 'fi'ecs take 
about 10 years to c ome into full bearing and it is undesirable to have 
to wait so long before choosing them ; it is very important therefore 
to find crjterid wJicroby the future performance of a seedling can be 
forecasted. This forms part of the Madras scheme : preliminary 
trails suggest iliat the lime required for germination, the rate of pro- 
duction of leatcs and girth, and the height of the stem, may aftord 
suitable indications. The yield and quality of copra and of oil, and 
the faetois determining quality of coir and of oil, are also studied. 
Other suilnblo subjects for experiments would bo the effects of clean 
cultivation, which is said to double the yield, also of manuring. 
Sulphate of ammonia and ashes arc stated to he elfectiva ; this suggests 
that potassic fertilizers might prove useful as indeed they frequently 
arc on fruit trees. 

In view of the serious competition from Ceylon and Malaya then* is 
no question as to the uiTjcney of the work, and it can suitably be done 
at Madras 

TRAVAITOOKB 

Trnvancorr : Disroses of the cocoanut. 

Two diseases ai e doing a cerlnin amount of damage : a leaf rot 
and the wilt or root disease The leaf disciibc seems to base been first 
obse^^ec^ in Cochin about 40 ycnis ago, and has spiead widely into 
Tra\aneore, while the root disease wn.s first observed in Conti al 
Travaneorc about 30 ye.im aao and i.s now spreading. In neither 
ca-e is any efToctivc treatment known. Two plantations, each of 
acres, at KaynniKulam, wiiere both diseases occur, have been pui^ 
chased by the Governnieut of 'fravantoro and a plant pathologist is 
to he appointed under the Council’s sehcnic now .sanctioned, and for 
which a grant of I?.s. 25,500 to bespread over 3 years has been allocated. 
The first search will be for the catvses of llie diseases ; whether 
fungal, bacterial, virus or phj Mologicnl. A. small field labornto^ 
has been creeled on the plantation lint better facilities will be avail- 
able at Quilon, u pleasant town not far away, to which there is a 
good road, so that the caiTying out of the work should present _no * 
diflioultics. The Tiiliancore mycologist, Mr, K. Varghose, is familior 
with the general nature and effects of the disease. 

Should the diseases be found to do scrions damage in Madras it 
would lie desirable to take np the investigation at Coimbatore also, 
as the conditions in the two States dilTcr and results obtained in one, 
while suggestive and helpful to the research workers, might not neces- 
sarily hold in the other. 




Travancoie : tbe backwater in course of drainage and reclamation. 
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SUMMARY OP REPORT AND RECOMMENDATIONS. 

Tlie Imperial Council Agricultural Kcseaicli lias iwlmirably 
■discliarged its priinai^ duty ol co-ordinating tmd promoting agri- 
cultural rescarcli iu ludin, at any rale in regard to crop produclion, 
with which alone this Report is ooncomed. The Conneil hjis been 
able to arrange that all the factors altecling the production of each 
of tile more important crops should be studied by one group of 
workers: the results can now be brought logetber and pul into a form 
in which they can bo used by the aqricuUurnl officers. A vast amount 
of pioneering work extending over a wide-range has been accom- 
plisbed. 

A stage is now renohed whore a reorientation of the Council’s 
activities should be considered. 

It may be laid down as a broad principle that the investigations 
fostered bj’" the Goiiiieil should Ik* for the express purpose of iraprov- 
ing agriculture, The great need now is Cor fuller use of evistiug 
Iniowleclgc. rather than the accumulation of more knowledge, for work 
on the cultivator's fields rather than in the lahorntorj'. 

TJio Council’s programme shonld. in my riew’, he lightened by 
handing over to the Universities .sH investigations of a .scientific or 
non-technical nature and sotting aside a certain fraction of the 
grant for this purpose. The grants made by the Coimeil to tlniver- 
sities should be primarily for the purpos’o of fostering research iu 
fiub.iects allied or basic to agricultural scicnee and practice and for 
training graduates in rasearcli raclbods, but the invcf,Hgation.s should 
not be required to have an agricultural bearing. So far .as researeb 
is concerned, it is the teacher and not the subject that counts, and 
the Council should he em]inwered to make grants to Thiivcvsity 
Departments where good work is being done so .as to provide one or 
more additional a‘'sistant.s who could snbscciucnlly, if needed, he 
attracted into the agricultural serrice. 

\ 

Mucli of the research in ngidoullurnl science done in India is not 
as widely known us it deserves to Tic and I recommend the prepara- 
tion of a feorica of monogrnpljs by competent persons set ting forth 
tlio results obt.ained by Indian w’orkera and pointing out Jiow they 
differ from those obtained elsewhere. 

Agricullnrc in India is not meraly an industry' but the mode of 
life of a largo pari of the population. Tlic scope of the Council’s 
work must therefore be much wider than if stibjeet were purdy 
a branch of technology. 

It is not sufficient for the rcsulls of the research wmrfc .simply 
to bo published in the Council Journal : the Council should have 
powers to ujulertolce the much more difficuH task of arranging for 
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them to be put into practice The Council should also act as a Develop- 
ment Commission, stuimlnling extension work by the Departments 
and commeroial exploitation of useful diseovcrics. This would involve 
additional staff to take over various duties so as to leave the senior 
staff free to pl.ui ahead and to think out the problems involved. 
This extension of the Council’s activities would involve additionnl 
expenditure necessitating an increase in'' it a grants. 

On the other liand Provincial Departments should contribute 
substantially to investigations made at their Stations on subjects of 
unportance to them. 

By far tlie largest part of the land of India is ixsed for producing 
food crops intended for home consumption. Investigations on these 
crops should he made in eoiijtuiction with the human nutrition experts 
uho .should advise how far existing dietaries arc deficient and what 
Bupplemcniary crops, vegetables, fruits, etc., should be grown in ordir 
to molvo up the dcticiencics in the various regions. The Council's 
imesligalioiii, should be directed to increasing the output per acre 
of food orojis uitli a ^ew both of ensuring full supplies and of 
liberating laud for the growth of the supplcmcntarj* crops and of 
fodder crops for the production of milk. 

This increased productiveness is the main problem to svhich 
all others fJiould be .subordinated. 

Insestigations on quality of food crops should be made only at 
the request and under the elose supciwision of the nutrition expesrts 
except whore specific marketing problems arise. 

Certain problems relating to various crops should receive early 
attention. 

ir/icat. — ^In view of the fact that the export trade has fallen 
considerably and the home consumption increased a decision shonld 
be reached as to tho future iioliig^. If tlic recapture of the export 
trade is proposed tlicn vigorous steps must be taken to increase largely 
the area under those varieties acceptable to the modern English 
market. If. on the other hand, the home market is to be tho chief con- 
sideration, then tho varieties should be tested for their suitability to 
the local mills and the making of clmpntis, actual cooking tests being 
used, 

Barlejf . — ^Recent developments in the United States suggest that 
Californian G-rowed barley may not be available on tho English 
market in such largo quantities ns Jiilhorto, and this may create a 
good opening for'>>«liarr barleys The anrieties placed liigh on the 
list by the Institute of Breavinsr should be grorni on a sufficiently 
large scale to ensure adequate supplies for the developnmnt of a 
ponnauent export trade. The export of che.ap barley, however, 
should not be encouraged owing to its high content of protein which 
has considerable value in India. 
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Tegetablcs. — Every effort should be made to extend the cultiva- 
tion of potatoes and other yegetabl<», particularly of the more hardy 
kinds, tlic list to be drawn up in conjunction with the nutrition 
experts. 

Fruit. — ^The hill regions offer considerable scope for the ordinary 
English and MediteiTonean fruits, and the plains and the Peninsular 
for tropical and subtropical fruits — ^mangoes, citrus, bananas and 
others. The cultivation of fruit should be extended where possible 
and a distinction should be made both in experimental work and in 
action between production for the village and production for the 
market. Uluch confusion in regard to varieties needs straightening 
out: methods of propagation have to be developed, and above all, 
supplies of young trees true to type must be work^ up for distri- 
bution. 

Along with fruit grooving for the market go various subsidiary 
industries, espeoia^ fruit preservation and the making of containers, 
besides minor activities such as beekeeping and poultry keeping, 
both of -svliich go well svith fruit growing. 

Transport is, however, a usual limiting factor and Ihis should 
be improved wherever possible. 

(xra$s and Fodder Cropi. (3 ) Grass. — The Keports on nutrition 
lay great .stress ou the need for augmenting the milk supply and 
this resolves iWlf finally into lui increase in the amoimt of grass and 
fodder crops available. Some 10 ]ier cent, of the livastoek popula- 
tion have to forest grazings. Various difficult problems of ad- 
ministration, soil ero.siou, and deterioration of herbage are involved, 
and I recommend that the Council call for a report by a foraster, an 
animal husbandry expert, and a soil expert, maldng recommenda- 
tions for improving and developing these gazings and that the 
Council should urge uiion the proper authorities the need for taking 
active step.s to carry out tlicse recommendations. 

The other grazings, which provide for some 90 per cent, of the 
stock, should form the subject of a second Report, on which action 
should bo lalten. They include a very wide range varying from 
fairly good gras-sland down to virtual waste land. Improvement 
may he ])osbible by reseeding, selecting for this purpose varieties and 
straims of indigenous grasses, and introducing drought resistant 
varieties from Africa such as the Woolly Finger grasses, Digitaria 
scriattt and D. Pentzii. More experiments on monaffwtipni nrr also 
needed : on rotational grazing, tlie effect of period of the year, and 
of manuring : these all require that the land should be endosed. Ex- 
perimental work on this subject should ns far as possible be done on 
actual grazing land. 

(2) Fodder Crops. — Where water is available fodder crops etxif 
he grown and the.v not only provide food for the animals hut indirect- 
ly increase soil fertility. Berscem is particularly useful and steps 
should be taken to increase the seed .supply; the North-West Frontier 
H30ICAR 



218 


Province appears to be a ^suitable source. Napier grass has done 
well and other fodder crops deserve investigation. The possibility 
of silage making should be further examined. The more intimate 
fusion of agriculture and livestock husbandly is one of the most 
hopeful ways of improving Indian agriculture. 

The improvement of farm implements, and particularly of the 
buUock cart would reduce the need for the present large iiTiinini popn- 
lation and so enable the remaining animals to be better fed. 

' Cash Crops. 

The investigations on cash crops should be done in close associa- 
tion with expert users and buyers of the crops. Good examples of 
close co-ordination are afforded by the Tea Research Institute. 
Tochlai, and tlie Cotton Rcseardi Laboratoiy', Matunga. Malting 
barley is also adequately dealt with. On the other bnnd , the arrange- 
ments, for uhcat and rice are less satisfactory: in neither case is the 
purpose of the work suflScientb' definite. It is necessary to decide 
•on the market for which the experiinentere arc to eater, and tlien to 
associate competent market representatives with the enquiry. 

The investigations on sugar cane ai’e on sound lines: most of this 
prop is used for making gur in the viUages, and the experiments on 
the improvement of the mills and evaporating plant (including the 
furnace) should be pushed forward with the aid of competent 
engineers. Experiments on factory technique are carried out at the 
llarcourt-Butler Technological Institute, Cawnpore. 

Broadly speaking it seems undesirable for the Council to under- 
take Technological investiaations and the new Sugar Committee 
could quite properlj' carry on this work. 

Some way should be found out of the present difficulty of put- 
ting into factory practice the results obtained in the various techno- 
logical investigations at the Sugar Research Institute, at Dehra Dun 
on forest products, and elsewhere. The ffifficnlty in India is not so 
mucii to discover or to invent, as to exploit. 

Other Crops. 

The possibility of extending cultivation of (wchona and inseoti- 
,cidal plants should be discussed with the scientific officers of the tea 
.and coffee plantations, especially as the former are limiting their 
areas under tea as a result of trade aureements. 

Methods of increasing the output from the land. 

(1) Improved varieties . — ^The finding of new varieties by selec- 
tion and breeding is in general xery well done: it is indeed some 
of the best agricultural work in India. It is necessarily localiMd, 
because the varieties best 'suited to one place may not he best suited 
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to 'another; and it is continuing work because no'selectioii can ever* 
be final. If has now in the main passefl''beyond the research stage 
and become essentially a combination of routine operations, more 
suited to tlie Provincial Departments than to the Council. Neverthe- , 
less tile Council will always have an important part to play. It is 
the only body with full knowledge of all the material available for 
w’ork on breeding or selection of crops ; and it is in a position to 
arrange for exchange of material and to decide what work in a pro- 
vincial Department should continue to be carried on if some fuiancial 
stringency threatened to endanger a useful investigation. 

More work is needed on the millets, the pulses, and the oil seeds. 

Tlie Tivork would be put on to a less mechanical and more defi- 
nitelj'- sdentiflc basis if it could bo assomated with a first class gene- 
ticist, good enough to command the respect of the men now engaged 
in the work, and to be accepted by them as a leader. Unfortunately 
no man of this type is at present in sight. 

Improved varieties have not been wndely talcen up, except of 
sugar cane and jute: partly, because of the difficulty of obtaining 
1 . 1 ‘ecommend that the Council enquire into the methods of 
distribution adopted in tlie various Proidnces and States, and con- 
sider the desirability of folding means for speeding it np. 

(2) Bctlw control o) pe<ifs and diseases , — In general each of the 
more important groups of erop.s should have its own staff of ento- 
mologists and plant pathologists ; cotton, sugar cane, the food crops, 
each presents s]iecinl features and no one man is likely to succeed 
witli all. Surveys should he made to ascertain which pests are in- 
prca.sing and which are decreasing and to collect material for ascer- 
taining the effect of conditions on the intensity of attack. Wien 
these are known it becomes possible to see how’ far changes in condi- 
tions or methods w’ill obviate tlie attack. Direct control bj' chemical 
means is somotimos the only possible method, and the work on vege- 
table insecticides should be continued, ivith some modification of 
programme. Biological control presents various difficulties, but 
should be studied. 

Ill view of the importance of insect pests in India, and the need 
for finding means of control, 1 recommend that a visiting expert of 
high standing be called in to advise as to the most suitable types of 
measures to be taken. 

The search for resistant varieties must always continue: it is 
more useful for fungus diseases than for insect pests and in any 
case it is not final: so-called “resistance" often means only that 
another variety growing close by is preferred ; and evra actual resis- 
tance may break dowui, 

• • 

It is very important, however, that some central authority should 
imvc power to deal administratively -with plant diseases and pests 
for the whole of India. With increased speed of transport it is al-- 
most impossible to beep out disease organisms from other countries 

q 2 
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but it is far easier to deal wth an invader at an early stage than to 
wait until it has spread into’every P^o^■ince. 

The Council, however, should not be concerned with the executive 
control of diseases and pests: its duties should be to arrange for 
research and advice into the most suitable means of dealing Avith 
them. 

(3) Improvement of the water supply for crops . — ^This is one of 
the most important of all agricultural problems in India and per- 
haps the most difficult It is too big to form part of a programme, 
and I recommend the establislinient of a Central Inigation Station 
for aU-India where the agricultural pioblems can be Avorked out At 
thjs station the relations of soils, water, and growing crops Avould 
be studied, also tlie interaction betAveen salt Avator and soil, the re- 
clamation of salted and alkatine land, the moA'ements of subsoil 
water, and the agricultui’al etfeets of various sequences of 
mops. 

ProAusion should also be made for more complete co-ordination 
of the investigations on dry farming, and for Unl^g it up Avith tlie 
work of the proposed Irrigation Eeseareh Station 

(4) The Conservation of Soil fertility. — (a) The prevention of 
erosion. — IVhile further research on soil erosion should continue, the 
chief need noAv is for action rather than for more research. Protec- 
tion against erosion should be a State responsibility and each erosion 
area should he dealt Avith as a whole An Erosion .Conference should 
be held annually at Avliich forestry, animal lijisbandry and soil ex,- 
perts meet the agricultural officers and advise as to Avhat measures 
should be taken- the appropriate Minister should tlien have poAver 
to carry out these measures and to distribute the cost OA'er the lands 
piotected. 

(6) Manuring . — ^More systematic schemes of manurial triah 
are neeesa^ in order to test the relatiA-e A-alues of nitrogen in arti- 
ficial ferilizers, farmyard manure and composts, and the values of 
phosphate and potasli. Simplified schemes should be carried out on 
eultiA’ators’ ground so as to diseoA’er ivhat neiv factors-, if any, come 
into play there and to find also how far the stations results hold 
generally. 


Green maimring should be more systematically studied. 


A Eeport on tlie manurial trials fostered by the Council should 
be draAvn up by the Statistician, Avith recommendations for a more 
sjstematic treatment. If they can be obtained, the results of the ex- 
tensive trials carried out recently by tlie large fertilizer organisa- 
tions (Imperial Chemical Industries: the Potash Syndicate;) should 
be included in the survey. 


Next to an improved water supply an increased supply of farmyard 

m else to augment the 
output from the land. Additional supplies of fodder crops would 





Children taking their eggs to be marketed. 
Sr. Hatch’s Co-operative enterprise, Martandam. 
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add to the amount o£ farmyavd mnniirc but the surest ^vay of doing 
this is to reduce the ucccssily for biirningiit by providing alternative 
sources of fuel. The Forestry Department should be consulted as 
to suitable wny.s of plunfing tree beits that could j*rovide shelter, 
fodder and fuel, and protection against erosion and dust storms. 

The special difficulties of Indian agriculture. 

One of the most scriou.s defects of Indian village life is the absenoc 
of au educated middle class actually engaged in farming. Students 
from agricultural colleges, uho might be expected to 
form this class, do not take to farming, but strong efforts should be 
made to induce them to do .so. The experiment of cstnbEshing 
Colony villages in the canal areas of the United Provinces seems to 
offer one method of solving the prohlcm. (Generally speaking 
sxiccialised fanning such as cotton grmvnng, fniil farming, seed produc- 
tion, etc., afford better prospects for a trained man than ordinary 
fanning. 

The CQ-opernlive movement can hardly be expected to achieve as 
good results ns iu Denmark owing to the wide difference in condi- 
tions. The ex]icriencc of Bombay and the Piin,inb is. however, tlmt 
something can be achived if there is linn guidance from out- 
side, and probably suitable luoilifienlions in this direction can be 
devised. 

The uoni>oliditiion of scattered and fragmented holdings is so 
important that ofilcor.s found to be successful in arranging it should 
be eneourngetl to remain at the siork and should not be under the 
ncce.ssity of heekinir advnneciuent in other diiTctions. 

Onitig to (he imimrUiuce of fruit and vegetable growing in the 
siJIages, and the desirability of plunfing more tn-cs, hchool teachers 
should be encouraged to take uv> gardening and to uuderlalcc some of 
Ibis jthuiting witli the children. IVliere jio'-sible, a .school garden 
should be established. 

The insufilcieiiey of sulisidiarj' industrias Ls a well recognised 
weakness of Indian village life: the eultisator has long slack periods 
during wliieh, if he had the opportunity, he might be increasing his 
jueome. An exxinnsion of the cropping scheme conld lie arranged to 
nliu.se some of this time. Poultiy' keeping offers .some possibility of 
Miccc<>s over a wide area ns shosvn by the results of Mr. A. L. Slater 
in the United Provinecs and of Dr. ITjilch at Alartnndnm in Travan- 
core; lieekeejnng is possible in the hill regions. The ideal 
occupation would be cottage industries but, apart from w’Cnving and 
a few localised indiistrie.s, tliese are hampered by the very difliculi 
problems of marketing. 

Bridging tho gap botwcon the Bxperiment Station and tbo 

cultivator, 

» ^ i 

By far the mo-'f. importaid and most difllciilt task before the 
agricultural of(icpr.s in India is to bridge the great gulf Ecparating 
the agrieullural px]jprimenl slnlions and the few' large scale formers 
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from the peasants who cultivate by lar the largest projwrtion of the 
land. It is not new sciciicBiBO much as fuller use of existing science 
that is needed, and tlie Council should order an enquiry to discover 
how best tins could be done, and to urge upon the proper authorities 
tlie need for taking all steps possible to this end. The extension offi- 
cer should be recognised as a very important member of the staff 
and really competent men should be encouraged to continue at the "work 
and be under no necessity to seek promotion out of it. The possibi- 
lities of broadcasting should be fully tested and means should be 
devised for the rapid answering of enquiries that have come in as a 
result of the tallcs. It should be impressed upon the staffs at the 
experiment Stations tliat they have a responsibility to the cultivator : 
that tliey must not shelter themselves wthin the walls of tlie labora- 
tory in the hope that somehow their work may find practical appli- 
cation: they must make the field and the crop their centres, and as 
early as possible set out experiments on cultivators’ land so as to 
widen the scope of their enquiry. 

ricmonslrations should be made by means of holdings taken as 
a whole in addition to those on individual plots, and the staffs of the 
experiment stations sliould he expected to carry out simplified forms 
of their experiments on cultivators’ land, unless there was good 
reason to the contrary. 

The Imperial Agricultural Research Institute, Delhi. 

The Institute both because of its tradition and in mrtue of its 
equipment should take a leading part in agricultural resciirch in 
India. It can best accomplish this by working in close collaboration 
with the Imperial Council of Agricultural Research which, as the 
actual agent lor the co-ordination of agricultural research in India, 
should be in a position to require the inclusion of specified items in 
its programme of work. Among other important subjects which 
could be handed over to the Institute are the devising of st-stistically 
sound methods of sampling soils and crops for approximate and 
accurate investigations respectively; the collection and collation of 
the results of the numerous local soil surveys that have been made ; 
surveys of insect and fungus pests and of physiological and other 
diseases. In carrying out its own programme the Institute should 
carefully avoid the common faults of keeping the work too much in 
the laboratory: it should centre its investigations on the field and 
it should study a few problems thoroughly rather than a larger nmnber 
superficially. 

The Staff. 

Suggestions arc made in regard to training and qualifications 
of staff, and the difficulty of finding good leaders is emphasised. 
Good officers who excel in either research, extension ■work, or in per- 
suading cultivators to consolidate their holdings, should be kept at 
their work and should not be compelled to seek promotion outside 
of, the sphere in which they have proved their capacity for success, 
^though the Council’s sclicmes are by their nature temporary the 
should after" 'a probationary ‘ period bfe gti’en' ’Certain 
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ad\'anti}gcs of pcnnaneacc: in particiilai' a- provident fund' scheme 
should be set up for them, a Register of competent workers should be 
maintained so as to liclp the men to find other posts, and a permanent 
cadre of selected workers of proved merit should be formed for the 
purposes of carrying out investigations wherever this might be 
necessary. 

The improvement of the village. 

The efforts to improve agriculture are likely to be unavailmg 
tuilcss the villages are improved and made lit for good cultivators 
to live in. This work has a deep personal side and could never be 
accomplished without outhu.siasin and the missionaiy spirit; but it 
need.'; a solid foundation of accurately determined knowledge, and 
careful impartial consideration of the ijrobablc effects of proposed 
measures. The Oouneil could probably better than anj- other body 
arrange for Ibis to be done by organising surveys or other 
enquiries. 

It should also arrange for a Report on mctliods of effecting con- 
solidation of holding and of cropping, ond consider what steps could 
be taken to hasten these changes. 

General Recommendations. 

(The detailed rcconiincndations relating to the research schemes are 
given under each section.) 

' (1) The success of the Council’s efforts shows that its general 

organisation and research programme are both sound and that it is 
a vci'y effective agent for the improvement of Indian agriculture. 
My proposals are for an extension of its activities but always with 
the same purpase ; inercn.scd production from the soil of India. 

(2) An organised research scheme implies a definite plan for 
agricuJtui'al improvement and means of ensuring that the results of 
the research work are put into practice. I reconunend therefore that 
the powers of the Council be widened to comprise developmental acti- 
vltie-s, as well as research aclmtics. 

(3) The work on crops sold in the open market (co.sh crops) 

should he done in association tvith the expert huyer.s or users of the 
crop. A.s a crop becomes of sufficient importance it should have its 
own Committee and f. 7 )ecinlisl staff, as now happens for cotton and 
jute and ■nlll soon bo the case for sugar. ' 

(4) The work on crops mainly retained for food (food crops) 

should be done in association with the nutrition experts, who should 
advise os to the mo.st suitable means of making up deficiencies in diet. 
The ' Council on its Developmental side should arrange for 
the recommendations to be put into practicable form. A Survey 
showing broadly the quantities of food produced in lh<i various Pro- 
vinces should be made so as to provide h basis for joint action by 
agriculturists ond nutrition experts jn iinproviiig tlto schemes of 
food production in the villages. The newly appointed liaison oificei 
between the ngriQultural and the Ilcalth .(nutritional) Departments 
could be of material assistance in this tvork. ' ,‘i 
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Fodder nnd Rearing committees hliould be set tip for cftcli Pro- 
tincc BO ns to examine the possibility of increasing the food supply 
for nnimais 

(5) Part of the Council's funds should be xiscd for promoting 
scientifie research at the Universities on subjects basic to tJic science 
and practice of agriGnltiirc. This financial aid. however, shoidd bo 
essentially pcrsoual : it should be given only to enable an investiprator 
of prosed capacity to des'elop further his own main line of rcsenivh. 
Xo question of possible practical value should be raised: in training 
for research it is tlio man and not the subject that matters. 

(G) On its developmental side the Council should have re* 
sources : — 

(1) to put into practical from the dietetic recommendations 

of tlic mitrilion experts; 

(2) to stimulate activities directed to the bridpng of the 

gap between the experiment station and the culti- 
vator; 

(3) to plan cxlcnsinns of dairy husbandry, fruit and vegetable 

growing, poultry keeping nnd other specialised branches 
of agricultural production in relation to transport 
and marketing facilities and to co-operate with the 
Dcparlmentft in putting tliem into practice; 

(4) to arrange for the .setting up of organisations for the 

multiplication and distribution of approved .stocks of 
seed, sets, and fruit trees; 

(5) to advise the Government in regnTd to other action tlmt 

could usefully be taken for the improvement of agri- 
culture or the avoidance of some impending loss of 
soil, crop or market. 

(G) to arrange for the exploitation of rcbult.s of corainereial 
interest obtained at the research stations, c.g., the con- 
serving of fruit and vegetables. 

(7) The Council should set up a Soil Conservation Committee 
whose fnnctioiis would be: — 

(1) to arrange for the collection nnd collation of results of 

niuTiiirinl triids nnd for the putting into jiraelicc of 
suitable results, flio co-operation of the experimental 
staff of the large fertilizer organisations being if possi- 
ble secured for this purpose; 

(2) to wnteh closely regions liable to erosion, calling periodi- 

cal conferences of the Dcparlinents concerned, with n 
vnen to working out schemes hesed on the phj'sieal 
wther than the political boundaries; 

(3) to arrange for the collection of results of ioil tmal>"sc< 

■ ' " and the ncciimniation of mnteriai for a soil map of 

'India; 

(4) to help departments where neccasarj' in maldng anrveya 

in irrigated regions or wherever salt or alkali may 
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cause trouble so as to ascertain, whether or not it is 
spreading : to arrange also for reclamation of 
deteriorated soils; 

(5) to examine the cultivable waste lands and report how far 
they can be better utilized. 

(8) The Council should call for a report by an agrostologist, a 
forester, an animal husbandry expert and a soil expert, under the 
chairmansliip of the Agricultural Expert to the Council, on the graz- 
ings available in each Province and on the methods of improving 
them: it should then encourage appropriate action. 

(9) The Council should set up a Crop production Committee 
whose function should be: — 

(1) the consideration of the cropping schemes, much on the 

lines adopted by the Crop Planning Conference, -with 
a view to advising about desirable extensions or ciurtnil- 
' ments of areas under particular crops, improved 

sequences or rotations, fodder crops, etc.; 

(2) the general oversight of the programme of research work 

on crops and examination of the results: the framing 
of schemes for putting accepted results into prac- 
tice; 

(3) the organisation of watching ser%dces to reports on the 

incidence of insect and fungus pests, noxious weeds or 
other threats to crop pi-oduction and to arrange for the 
working out of control measures wth the help of some 
visiting expert if necessary. The Council w’ould then 
advise the Government as to any steps that should 
be taken. 

(10) In view of the supreme importance of water supply to the 
growing crops I recommend the establishment of a separate research 
Institute for the study of irrigation and water relationships to soils 
and crops: also of more unified direction of the work on dry farm- 
ing. 

(11) None of these proposals can attain much success unless the 
standard of country life is raised and this necessitates the settlement 
of more educated men and women on the land. An enquiry should 
he made as to the worldng of the various colonisation and settlements 
experiments in the Pun.iab, the United Provinces, and elsewhere 
and steps taken to institute large scale trials of promising methods. 
The influence of a colony of good cultivators on the surrounding 
district would be out of all propoi’tion to (lieir number, 

(12) The machinery at the disposal of the Council for carrying 
out this work should consist of — 

(a) the Imperial Agricultural Research Institute, Bellii, 

which should work in close co-operation with the Coun- 
cil, and whose programme would largely he detci’mined 
by the problems confronting the Council; 

(b) A Marketing branch; 
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(c) a cadre of proved investigators, selected gradually from 

• « among the temporary staff now engaged on the Coun- 

cil’s schemes: these men would be sent to various 
stations to deal with difficult problems for which the 
local resources were inadequate; 

(d) a staff of temporary investigators as at present. I recom- 

mend, however, that their Status be improved by 
setting up a Provident Fund and by establishing a 
Register of approved persons which should be available 
to Departments, organisations or private employers 
wanting scientific workers. 

(13) These recommendations if carried into effect will neces- 
sitate an increase in the grant made to the Council. I sec, however, 
no alternative to the acceptance of this situation. The Council is 
the co-ordinating agency wliich provides invaluable assistance to 
the Pro^nncial Agricultural Departments and will afford still greater 
help if it is given the wider developmental powers that will enable 
it to bring to fruition investigations which at present stop at the 
experimental stage. These Departments between them spend over 
200 lakhs of rupees annually, a large snm and yet it amounts to 
little more than 1 anna per acre sown. The Council’s regular grant 
of 5 laklis is augmented for various purposes but its income is in my 
view inadequate for its important duties and the need for additions 
to its resources should be recognised, at any rate for the next few 
years, if progress is to be made as rapid as desired. 



APPENDIX. 

List of schemes visited ond reported upon. 
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* ThcTO schomps wore rtisciMsod with workers nt Coimhatoro. 
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(7) Cotton Strd Cnj’bing nnd Snpply 10,000 

of decorticated cake. 

(S) M'altmg nnd brevring qualities of l,0o0 Eai S ibib Ennm Pri'ada Singh', 

barley United Prm inw-'. 
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40 Dacca.. .. (1) Sugarcane Seedling Testing Station, 21,830 Bsibn Gosto Bohnri Paul .. j Bengal GoTcmmont. 

Dacca. 

(2) Extraction of Sox fibre .. .. 5,000 Bat SaLib K. C. Basa .. Do. 
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